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FOREWORD

This progress report details the results and status of Washi ngton
Department of Fisheries' (WF) pre-facility nonitoring, research
and evaluation efforts, through May 1991, designed to supPort t he
devel opnent of an Experinental DeS|gn Plan (EDP) or the
Yakima/Klickitat Fisheries Project (YKFP), previously ternmed the
Yakima/Klickitat Production Project (YKPP or Y/KPP). This pre-
facility work has been guided by planning efforts of various
research and quality control teams of the project that are annually
captured as revisions to the experinmental design and pre-facility
work plans. The current objectives are as follows:

g Develop genetic nonitoring and eval uati on approach
for the Y/KpP.

» definegeneticallydistinctsub-popul ations
of steel head and chinook in the Yaki ma and
Klickitat River basins.

» assess genetic risk of various project
opti ons.

» devel op experinental design and nonitoring
and eval uation strategies to eval uate long-
term genetic change and associated
reproductive perfornance.

o Evaluate stock identification nmonitoring tools,
approaches, and opportunities available to neet
specific objectives of the experinental plan

Q0 Evaluate adult and juvenile enumeration and
sanpling/collection <capabilities in the Y/KPP
necessary to neasure experimental response variabl es.

Because these objectives and rel ated tasks represent a w de range
of activities, we have presented our work progress in three
respective, self-contained reports herein: REPORT NO 1. POPULATI ON
STRUCTURE AND GENETI CS; PORT NO 2: STOCK | DENTI FI CATI ON
MONI TORI NG TOOLS; and REPORT NO 3: EVALUATI ON OF JUVEN LE AND
ADULT MONI TORING Various aspects of this work are on-going, at
| east through Decenber 31, 1991, and future direction wll be
shaped by current YKFP planning efforts.
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REPORT NO. 1
POPULATI ON STRUCTURE AND GENETI CS

CGenetic Analysis of YKFP Chinook Sal non Stocks.
by Crai g Busack and Anne Marshall

CGenetic Analysis of Yakima River Steelhead: Initial analysis
of wi thin-basin genetic diversity and conparison to hatchery
st eel head and rainbow trout.

by Stevan R Phel ps

YKFP CGenetic Risk Assessment.
by Crai g Busack

Genetic Monitori ngL Aspects of the YKFP.
by Crai g Busac

Scale Pattern and Age/ Len?(th Anal ysis of 1989 and 1990 Yakima
River Adult Spring Chinook.
by Curtis M Knudsen

Yaki ma St eel head and Rai nbow Trout Age, Length, and Scal e
Pattern anal yses.
by Curtis M Knudsen




GENETI C ANALYSES OF YKFP CH NOOK SALMON STOCKS

| NTRODUCTI ON

The central hypothesis of the YKFP is that state-of-the-art
suppl enent ati on procedures can be used to increase production of
sal mon and steel head in the Yakima and Klickitat sub-basins wthout
adversely affecting the genetic resources present. Qoviously,

rigorous testing of this h%pothesis requi res an assessnent of the
genetic resources present before supplenmentation begins. Substock
Identification in particular is of critical inportance, because the
design of the facilities will depend on the nunber of substocks
present. WDF has been very active over the |last two years in
chi nook substock identification research in the tw subbasins,

using the technique of horizontal starch-gel electrophoresis (as
descri bed by Aebersold et al. 1987). Approximtely 1500 adult
chinook, primarily fromthe Yaki ma subbasin have been collected and
ana%;zed by el ectrophoresis, follow ng sanpling plans devel oped in
1989 and 1990 (Busack and Phel ps 1989, 1990). Approaches vary
somewhat between spring and fall chinook in the Yakinma, and between
Yaki ma and Klickitat spring chinook, but our intent is to sanple
all possible substocks. ~Once putative substocks have been
identified, they will be sanpled electrophoretically through one
conpl ete generation. The information gained through this repeated
sanpling of year-to-year variability, as well as solidifying our
know edge of substock structure, will be invaluable for future
genetic nonitoring.

WDF's genetic anal ytical capabilities are being put to other uses
peri pheral to the substock identification task. In 1990 snolts
m grating past Prosser Dam were analyzed el ectrophoretically to
verify their identification as spring or fall chinook, and we have
done sinulations of Yakima spring chinook m xed fisheries to start
evaluating our ability to separate the substocks in broodstock
collection or in fisheries.

SAMPLI NG

A total of 24 collections of fish were made for genetic analysis in
1989 and 1990 (Table 1). Sanpling for the nost part was done as per
Young (1988), and in all but two cases (Prosser snmolts: collections
wooDz and wsobDY) adult fish were sanpled. Three collections were
made at Klickitat hatchery, but otherw se spawned out adults were
sanpl ed on the spawning grounds.

The target sanple size was 100. This was net in many cases, but in
much of the Naches drainage of the Yakima subbasin fish nunbers
have been too low in both years to permt collection of 100. Data
on 22 collections will be presented in this docunent. Two 1989
sanpl es, Yaki ma springs bel ow Roza (ws9BAa) and Yakina falls at

2




Benton City (w89cA) are too small for allele frequency data to be
used with any confi dence.

Table 1.  Chinook salmon samples collected for WDF YKFP research, 1989-1990. Unless otherwise
specified, fish sampled were adults. Numerals in collection codes denote sampling year.

Run Time/ Collection Fish Sampled
Area Sampled Code Genetically

Spring Chinook

American R. WB89AG 80
American R. WO0BA 91
Bumping R. W80AI 33
Bumping R. W90BJ 32
Liile Naches R. W89AV 40
Liile Naches R. Wo0oBH 21
Naches R. WB8SAC 59
Naches R. WG0BI 66
Cle Elum R. WB89AX 100
Yakima R. at Easton WB8gAY 100
Yakima R. at Easton Wo0BS 50
Yakima R. below Roza W89BA 14
Yakima R. below Roza WO0BR 111
Carson NFH WB89AR 100
Carson at Klickitat H. WS80AT 100
KlickitatH. W89AS 100
Klickitat H. WS0BG 100
Klickitat R. WA0BF 35
Fall Chinook
Yakima R. at Benton City W83CA 6
Yakima R. at Benton City WO0DF 109
Marion Drain wW89BX 101
Marion Drain WaoDG 52
Smolts
Prosser smolts >80mm FL WeoDY 90
Prosser smolts <90mm FL weooDZ 90

ELECTROPHORETI C METHODS

The electrophoretic protocols followed and list of alleles
recogni zed are presented in Appendices 1 and 2. Locus and allele
nomencl ature follow the system of Shaklee et al. é1990). Al

sanpl es except the Prosser snolt sanples were screened at 62 loci.
In this docunent, however, data are presented on only 48 |oci,
i ncluding three isolocus systens (sAAT-1,2#%, sMDH-A1,2*, and sMDH-
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B1,2*). All loci about which there are any uncertainties in scoring
vari ation have been excluded. In addition, alleles were pooled in
three cases where sone possibility exists of confusing one allele
with the other, and absolute identification would require a |arge
series of sanple reruns. The following allele pooling was done
(rmobilities can be found in Appendix 1): 1) at _sAH*, *108 pool ed
Wwith *112; 2) at sIDHP-1%*, *72 pooled with *74; and 3) at TPI-2.2%,
*102 pooled with *104. one final scoring convention reflected in
the results reported here: at two loci- GPlr* and sMEpP-2* - the
scoring of heterozygotes is anbiguous. Alele frequencies are based
on honozygotes only.

El ectrophoretic screening was done differently for the Prosser
snolt sanpl es (wsoDY and woobDZ). The intent with these sanples was
to use themonly in a mxed-fishery analysis wth a baseline
consi sting of Yakima spring and fall chinook (see Marshall et al.
1991 for details of mxed-fishery analysis). Thus they were
evaluated only at 22 loci found to be variable in Yaki ma chi nook.

ANALYSES

Standard genetic analyses were carried out using the Bl OSYS-1
program (Swofford and Sel ander 1981) on 20 chinook collections (24
mnus the two small collections and the two Prosser snolt
collections). The 20 collections were identically invariant at 13
loci: ADA-2*, mAH-3*, CK-Al*, CK-A2%*, CGPl-A*, G3PDH-4*, mIDHP-1%,
mMEP-1*, PGDH, PGW2*,  TPI-1*,  TPI-2*, and TPI-3*. Allele
frequencies for the 35 variable loci are presented in Table 2.
Standard neasures of genetic variability over 46 |oci (inclusion of
GPlr* and gMEP-2* was not appropriate due to the honozygotes-only
scoring convention) are presented in Table 3. Chi-square tests for
conformance to Hardy-Winberg proportions were conducted for al
variable loci in all populations, except for GPIr* and sMEP-2%*,
which would not be expected to conform to Hardy-Wi nberg
proportions because of scoring conventions. O the approxinatel
400 tests conducted, eleven were significant (p<0.05). Since 5%o0
the tests would be expected to be significant by chance alone, this
is an extrenely low rate, indicating overall high quality of
scoring. One systematic probl emwas noted, however. Four of the
el even significant tests were at sAAT-4*, and in all four cases
heterongote deficiencies were the cause. Heterozygotes are
difficult to distinguish at this locus, so this result is not
surprising. The overall variability at this |ocus was |low, so the
smal | amount of msscoring or zero scores that may have occurred
wi ||l have a negligible inpact on allele frequencies.




Table 2. Alele frequencies at 35 variable loci in 20 WDF YXFP chinook
col l ections made in 1989 and 1990.

AVMER AMER BUM P BUMP LNACH  LNACH NACH NACH CELUM

LOCUS 89 90 89 90 89 90 89 90 89
SAAT—-1 2%
(N) 80 91 33 32 40 21 59 66 100
A 1. 000 1. 000 0. 992 1.000 1. 000 1. 000 1. 000 0. 996 1. 000
B 0. 000 0. 000 0. 008 0. 000 0. 000 0. 000 0. 000 0. 004 0. 000
C 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
SAAT-3%
(N) 79 91 33 32 38 21 59 66 99
A 1. 000 1. 000 1.000 1.000 1.000 1.000 1.000 1. 000 1.000
B 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
C 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
SAAT-4*
(N) 75 77 32 29 36 18 59 46 96
A 1. 000 1. 000 0. 984 0.983 0. 958 0.972 0. 958 0.989 0.979
B 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
C 0. 000 0. 000 0.016 0.017 0.042 0. 028 0.042 0.011 0.021
mMAAT-1%
(N) 80 90 33 32 40 21 59 66 100
A 0. 987 0.994 0. 985 1.000 0.987 0.976 0.983 0.977 0. 965
B 0.012 0. 006 0. 015 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
C 0. 000 0. 000 0. 000 0. 000 0.012 0.024 0.017 0.023 0. 035
ADA- | *
(N) 80 87 32 32 40 21 59 66 100
A 1. 000 1. 000 0. 984 1.000 0.987 0.976 1. 000 0. 985 0. 950
B 0. 000 0. 000 0.016 0. 000 0.012 0.024 0. 000 0. 015 0. 050
SAH*
(N) 80 90 33 32 39 20 59 59 100
A 1. 000 1. 000 1.000 1.000 1. 000 1. 000 1. 000 0. 975 0.990
B 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 025 0. 010
C 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
mAH-~-4 %
(N) 80 91 32 32 40 20 59 65 100
A 0.981 0. 989 0. 969 0. 969 0. 975 0. 950 0. 907 0. 962 0.835

B *0.019 0.011 0.031 0.031 0.025 0. 050 0.093 0.038 0. 165




Table 2. (cont.)
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LOCUS 89 90 89 90 89 90 89 90 89
GPI-Bl=*
(N) 80 90 33 32 39 21 59 66 100
A 1. 000 1. 000 1. 000 1. 000 1. 000 1.000 1. 000 1. 000 1. 000
B 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
GPI-B2*
(N) 80 90 33 32 39 21 59 66 100
A 0. 900 0.878 0.939 0. 906 0.872 0.786 0.831 0. 795 0. 930
B 0. 100 0.122 0. 061 0. 094 0.128 0.214 0. 169 0. 205 0. 070
Glr*
(N) 80 90 33 32 39 21 59 66 100
A 1. 000 1. 000 1. 000 1. 000 1. 000 1.000 1. 000 1. 000 1.000
B 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
GR*
(N) 80 91 33 32 40 21 59 66 100
A 1. 000 1. 000 1. 000 1. 000 1. 000 1.000 0.992 0. 992 1.000
B 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 008 0. 008 0. 000
HAGH*
M) 80 90 33 32 40 21 59 66 100
A 0. 662 0. 806 0. 758 0. 828 0.912 0. 857 0. 881 0. 788 0. 950
B 0. 337 0.194 0. 242 0.172 0. 087 0. 143 0.119 0.212 0. 050
mIDHP-2%
(N) 80 91 33 32 40 21 59 66 100
A 1. 000 1. 000 1. 000 1. 000 1. 000 1.000 1. 000 1. 000 1.000
B 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
sIDHP-1%
(N) 80 91 33 32 40 21 59 66 100
A 0. 862 0. 797 0. 758 0. 875 0. 837 0. 881 0. 856 0. 841 0. 890
B 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0’. 000
C 0.137 0. 203 0.242 0.125 0.162 0. 095 0. 136 0. 159 0.110
D 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
E 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
F 0. 000 0. 000 0. 000 0. 000 0. 000 0. 024 0. 008 0. 000 0. 000
sIDHP-2*
80 91 33 32 40 21 59 66 100
A 0.994 0. 995 1. 000 0.984 1. 000 0. 952 0. 975 0.985 0. 995
B 0. 006 0. 005 0. 000 0. 016 0. 000 0. 048 0. 025 0. 015 0. 005




LOCUS 89 90 89 90 89 90 89 90 89
LDH-B2*
(N) 80 91 33 32 40 21 59 66 100
A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.995
B 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.005
C 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
D 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
LDH C*
(N) 80 91 33 32 40 21 59 66 100
A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
B 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
SMDH-A1,2%
(N) 80 91 33 32 40 21 59 66 100
A 1.000 1.000 0.992 1.000 0.994 1.000 0.996 0.988 1.000
B 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C 0.000 0.000 0.008 0.000 0.006 0.000 0.004 0.012 0.000
sMDH-B1,2*
(N 80 91 33 32 40 21 59 66 100
A 1.000 1.000 0.976 0.976 0.988 0.988 0.974 0.969 1.000
B 0.000 0.000 0.008 0.016 0.006 0.000 0.009 0.000 0.000
C 0.000 0.000 0.008 0.008 0.006 0.012 0.017 0.031 0.000
D 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
E 0.000 0.000 0.008 0.000 0.000 0.000 0.000 0.000 0.000
mMDH-2*
(N) 79 90 33 32 40 21 59 64 100
A 0.886 0.900 0.909 0.875 0.912 0.976 0.907 0.914  0.910
B 0.114 0.100 0.091 0.125 0.087 0.024 0.093 0.086  0.090
SMEP-1%
(N) 80 87 33 31 40 20 58 64 100
A 0.056 0.069 0.045 0.048 0.062 0.050 0.121 0.102 0.160
B 0.944 0.931 0.955 0.952 0.937 0.950 0.879 0.898  0.840
SMEP-2%*
(N) 78 88 33 32 40 21 59 66 100
A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
B 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000




"Table 2. (cont.)
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COLLECTIONS 1 through 9

AMER AMER BUMP BUMP LNACH LNACH NACH NACH CELUM

LOCUS 89 90 89 90 89 90 89 90 89
MVPI *
(N) 80 90 33 32 40 21 59 66 100
A 0.794 0.678 0.773 0.625 0.650 0.619 0.678 0.697 0.875
B 0.206 0.322 0.227 0.375 0.350 0.381 0.322 0.303 0.125
C 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PGM-1*%*
(N) 80 90 32 31 40 21 59 66 100
A 1,000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
B 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
D 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PCK- 2*
) 80 91 31 32 40 21 59 65 100
A 0.475 0.396 0.226 0.312 0.225 0.310 0.220 0.192  0.150
B 0.525 0.604 0.774 0.687 0.775 0.690 0.780 0.808 0.850
PEPA*
(N) 80 90 31 32 40 19 59 61 100
A 1.000 0.994 1.000 0.984 0.987 1.000 0.992 1.000 1.000
B 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C 0.000 0.006 0.000 0.016 0.012 0.000 0.008 0.000 0.000
PEPB~1%
(N) 80 91 33 32 40 21 59 66 100
A 0.987 0.967 0.864 0.844 0.900 0.881 0.915 0.833 0.785
B 0.000 0.016 0.030 0.062 0.037 0.024 0.034 0.068 0.070
C 0.012 0.016 0.106 0.094 0.062 0.095 0.051 0.098 0.145
PEPD- 2*
(N) 80 90 33 32 40 21 59 63 100
A 0.931 0.922 0.955 0.844 0.900 0.929 0.898 0.921  0.915
B 0.069 0.078 0.045 0.156 0.100 0.071 0.102 0.079 0.085
PEP- LT*
(N) 80 91 33 32 40 21 59 65 100
A 1.000 1.000 0.970 0.969 0.950 0.976 0.992 0.946 0.925
B 0.000 0.000 0.030 0.031 0.050 0.024 0.008 0.054 0.075
C 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
D 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000




Table 2. (cont.)

LOCUS 89 90 89 90 89 90 89 90 89
sSOD~-1*
(N) 80 91 33 32 40 21 59 64 100
A 0.731 0.769 0.727 0. 766 0. 687 0.762 0.763 0.781 0.770
B 0. 269 0.231 0.273 0.234 0.312 0. 238 0. 237 0. 219 0.230
C 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
mSOD*
(N) 80 90 33 32 40 21 58 66 100
A 3. 000 1. 000 1.000 1. 000 1. 000 1.000 1.000 1. 000 0. 995
B 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 005
TPI-4%*
(N) 80 91 33 32 40 21 59 66 100
A 0. 987 0. 989 0. 970 0.984 1. 000 0.976 0.992 1. 000 0.990
B 0. 012 0. 011 0. 030 0. 016 0. 000 0.024 0. 008 0. 000 0. 010




Tabl e 2. (cont.)

Y/ EAST Y/ EAST YBROZA Y/ FALL MARDRN MARDRN CARS CARS/KL KLI CKH

LOCUS 89 90 90 90 89 90 89 89 89
sSAAT-1,2%*
(N) 100 50 111 109 101 52 100 100 100
A 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 0.992 0. 995 1.000
B 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 008 0. 005 0. 000
C 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
sAAT-3*
(N) 99 49 111 109 100 49 98 99 99
A 1. 000 1. 000 1. 000 1. 000 1. 000 1.000 1.000 0. 995 1.000
B 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
C 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 005 0. 000
SAAT-4*
(N) 95 34 99 105 101 48 88 82 89
A 0. 932 0.971 0. 929 0.981 0. 990 0. 990 0.932 0.939 0.972
B 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
C 0. 068 0. 029 0.071 0. 019 0. 010 0.010 0. 068 0. 061 0. 028
MAAT-1%
(N) 100 50 111 108 101 52 100 100 100
A 0. 945 0. 930 0. 910 0.991 0. 985 0. 962 0. 985 0.975 0. 995
B 0. 000 0. 000 0. 000 0. 005 0. 010 0. 038 0. 000 0. 000 0. 000
C 0. 055 0. 070 0. 090 0. 005 0. 005 0. 000 0. 015 0. 025 0. 005
ADA- | *
(N) 100 50 111 109 101 52 100 100 100
A 0. 935 0. 940 0. 968 0.991 0. 990 0.971 0. 980 0. 965 0. 960
B 0. 065 0. 060 0. 032 0. 009 0. 010 0. 029 0. 020 0. 035 0. 040
SAH*
(W) 100 48 111 109 101 52 100 100 100
A 0. 980 0. 969 0. 995 0.784 0.901 0.942 1.000 1. 000 0. 985
B 0. 020 0.031 0. 005 0. 206 0.084 0.038 0. 000 0. 000 0. 015
C 0. 000 0. 000 0. 000 0. 009 0. 015 0.019 0. 000 0. 000 0. 000
mAH-4%
(N) 100 50 111 109 100 52 100 100 100
A 0. 885 0.870 0.878 0.904 0. 835 0.779 0. 975 0. 980 0. 980
B 0. 115 0. 130 0.122 0. 096 0. 165 0.221 0. 025 0. 020 0. 020
GPI-B1=*
(N) 100 50 111 109 101 52 100 99 100
A 1. 000 1. 000 1. 000 0. 995 1. 000 1.000 1.000 1.000 1.000
B 0. 000 0. 000 0. 000 0. 005 0. 000 0. 000 0. 000 0. 000 0. 000
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Table 2. (cont.)

Y/ EAST Y/ EAST YBROZA Y/ FALL MARDRN MARDRN CARS CARS/KL XLI CKH

LOCUS 89 90 90 90 89 90 89 89 89
GPI-B2*
(N) 100 50 111 109 101 52 100 99 100
A 0. 975 0. 970 0.973 0. 959 0. 950 0. 962 0. 980 0. 995 0. 995
B 0. 025 0. 030 0.027 0. 041 0. 050 0. 038 0. 020 0. 005 0. 005
Glr*
(N) 100 50 111 109 101 52 100 100 100
A 1. 000 1. 000 1. 000 0.972 1.000 0. 962 1.000 1.000 1.000
B 0. 000 0. 000 0. 000 0. 028 0. 000 0. 038 0. 000 0. 000 0. 000
GR*
(N) 100 50 111 109 101 52 100 100 100
A 1. 000 1.000 0. 995 0. 986 0. 995 1.000 0. 990 1. 000 0. 890
B 0. 000 0. 000 0. 005 0.014 0. 005 0. 000 0. 010 0. 000 0.110
HAGH=*
(N) 100 50 111 109 101 52 100 100 100
A 0. 940 0. 980 0. 964 0. 991 1. 000 1.000 0. 915 0. 850 0. 915
B 0. 060 0. 020 0. 036 0. 009 0. 000 0. 000 0. 085 0. 150 0. 085
mIDHP-2#
(N) 100 50 111 109 101 52 99 100 100
A 1.000 1. 000 1. 000 1. 000 0. 995 1.000 1.000 1. 000 1.000
B 0. 000 0. 000 0. 000 0. 000 0. 005 0. 000 0. 000 0. 000 0. 000
sIDHP-1%*
(N) 100 50 111 109 101 52 100 100 100
A 0. 875 0. 950 0. 905 1. 000 0. 995 1. 000 0. 760 0. 830 0.935
B 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
C 0.125 0. 050 0. 095 0. 000 0. 005 0. 000 0.190 0. 165 0. 065
D 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
E 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
F 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 050 0. 005 0. 000
sIDHP-2%*
(N) 100 50 111 109 101 52 100 100 100
A 0. 975 1. 000 0. 995 0.867 0. 891 0. 798 0. 995 1.000 0. 965
B 0. 025 0. 000 0. 005 0. 133 0.109 0.202 0. 005 0. 000 0. 035
LDH-B2%*
(N) 100 50 111 109 101 52 100 100 100
A 0. 985 1. 000 1.. 000 0.991 1.000 1.000 0. 980 0. 990 1.000
B 0. 015 0. 000 0. 000 0. 005 0. 000 0. 000 0. 020 0. 010 0. 000
C 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
D 0. 000 0. 000 0. 000 0. 005 0. 000 0. 000 0. 000 0. 000 0. 000
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Table 2. (cont.)
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Y/ EAST Y/ EAST YBROZA Y/ FALL MARDRN MARDRN CARS CARS/KL KLI CKH

LOCUS 89 90 90 90 89 90 89 89 89
LDH C*
(N) 100 49 111 109 99 51 100 99 100
A 1.000 1.000 1. 000 0.991 1.000 1.000 1.000 1.000 0.945
B 0.000 0.000 0.000 0.009 0.000 0.000 0.000 0.000 0. 000
C 0.000 0.000 0. 000 0.000 0.000 0.000 0.000 0.000 0. 055
sMDH-Al,2%
(N) 100 50 111 109 101 52 100 100 100
A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1. 000
B 0.000 0.000 0. 000 0.000 0.000 0.000 0.000 0.000 0.000
C 0.000 0.000 0. 000 0.000 0.000 0.000 0.000 0.000 0.000
sMDH-B1,2%
(N) 100 50 111 109 101 52 100 100 100
A 0.995 0.995 0.997 0.974 0.955 0.976 0.967 0.977 0. 990
B 0.000 0.000 0. 000 0.016 0.005 0.005 0.000 0.000 0.010
C 0.005 0.000 0.003 0.007 0.040 0.019 0.000 0.000 0.000
D 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
E 0.000 0.005 0. 000 0.003 0.000 0.000 0.033 0.013 0. 000
mMDH-2 *
(N) 100 50 111 109 101 52 99 100 100
A 0.915 0.870 0.919 0.982 0.990 0.990 0.793 0.745 0.760
B 0.085 0.130 0.081 0.018 0.010 0.010 0.207 0.255 0.240
sMEP-1+%
(N) 100 48 111 109 100 52 100 100 100
A 0.245 0.229 0.144 0.784 0.810 0.750 0.075 0.080 0.225
B 0.755 0.771 0,856 0.216 0.190 0.250 0.925 0.920 0.775
sMEP-2%
(N) 100 50 109 106 100 51 97 91 92
A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.989 1. 000
B 0.000 0.000 0. 000 0.000 0.000 0.000 0.000 0.011 0.000
NPl *
(N) 100 50 111 109 101 52 100 100 100
A 0.825 0.890 0.892 0.670 0.856 0.904 0.910 0.895 0.850
B 0.175 0.110 0.108 0.330 0.139 0.096 0.090 0.105 0.120
C 0.000 0.000 0.000 0.000 0.005 0.000 0.000 0.000 0.030
PGM-1%
(N) 100 50 111 109 101 52 100 100 100
A 0.985 1.000 0. 995 1.000 1.000 1.000 1.000 1.000 1.000
B 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ©0.000 0.000
D 0.015 0.000 0. 005 0.000 0.000 0.000 0.000 0.000 0.000
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Table 2. (cont.)
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y/ EAST Y/ EAST YBROZA Y/ FALL MARDRN MARDRN CARS CARS/KL KLI CKH

LOCUS 89 90 90 90 89 90 89 89 89
PCK- 2*
(N) 100 50 111 109 101 52 100 100 100
A 0.185 0.260 0.144 0.528 0.579 0.490 0.130 0.150 0.210
B 0.815 0.740 0.856 0.472 0.421 0.510 0.870 0.850 0.790
PEPA*
(N) 98 50 111 109 101 51 100 100 100
A 0.995 1.000 0.986 0.963 0.936 0.951 1.000 0.990  1.000
B 0.000 0.000 0.000 0.037 0.064 0.049 0.000 0.000 0.000
C 0.005 0.000 0.014 0.000 0.000 0.000 0.000 0.010 0.000
PEPB-1%*
(N) 100 50 111 109 100 52 100 100 100
A 0.745 0.810 0.829 0.784 0.950 0.913 0.810 0.780  0.920
B 0.125 0.080 0.054 0.206 0.040 0.067 0.115 0.070 0.030
C 0.130 0.110 0.117 0.009 0.010 0.019 0.075 0.150 0.050
PEPD- 2*
(N) 100 50 111 109 101 52 100 100 100
A 0.940 0.890 0.914 0.982 1.000 1.000 0.995 1.000  0.990
B 0.060 0.110 0.086 0.018 0.000 0.000 0.005 0.000 0.010
PEP-LT*
(M) 100 50 111 109 101 52 100 100 100
A 0.965 0.900 0.878 0.752 0.891 0.952 0.955 0.965 0.990
B 0.035 0.100 0.122 0.248 0.104 0.048 0.045 0.035 0.010
C 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
D 0.000 0.000 0.000 0.000 0.005 0.000 0.000 0.000 0.000
sSOD-1%*
() 100 50 111 109 101 52 100 100 100
A 0.805 0.760 0.847 0.560 0.634 0.721 0.845 0.845 0.685
B 0.195 0.240 0.153 0.436 0.361 0.279 0.155 0.155 0.315
C 0.000 0.000 0.000 0.005 0.005 0.000 0.000 0.000 O.000
mSOoD*
(N) 100 50 111 109 101 52 100 100 100
A 0.995 1.000 0.986 1.000 1.000 1.000 0.995 1.000 1.000
B 0.005 0.000 0.014 0.000 0.000 0.000 0.005 0.000 O.000
TPl - 4*
(N) 100 50 111 109 100 52 100 100 100
A 0.990 0.970 0.950 0.982 0.990 1.000 0.955 0.875  0.990
B 0.010 0.030 0.050 0.018 0.010 0.000 0.045 0.125 0.010
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Tabl e 2. (cont.) Tabl e 2. (cont.)

COLLECTIONS 19 & 20 COLLECTI ONS 19 & 20
KLI CKH KLICKR KLI CKH KLI CKR

LOCUS 90 90 LOCUS 89 90

SAAT-—-1,2%* GPI-B2*

(N) 100 35 (N) 99 34
A 0.992 0.978 A 0. 995 0. 985
B 0. 008 0. 007 B 0. 005 0.015
C 0. 000 0.014

GPlr*

SAAT-3% (N) 100 35
(N) 100 34 A 1. 000 1. 000
A 1. 000 1. 000 B 0. 000 0. 000
B 0. 000 0. 000
C 0. 000 0. 000 GR*

(N) 100 35

SAAT-4% A 0. 890 0. 900
(N) 91 29 B 0.110 0. 100
A 1. 000 1. 000
B 0. 000 0. 000 HAGH*

C 0. 000 0. 000 (N) 99 34
A 0.874 0. 897

MAAT-1% B 0.126 0.103
(M) 100 35
A 0.985 0.971 mIDHP-2*

B 0. 000 0. 000 (N) 100 35

C 0. 015 0.029 A 1. 000 1. 000
B 0. 000 0. 000

ADA- | *

(N) 100 35 sIDHP-1%

A 0. 975 0. 986 (N) 99 35

B 0.025 0.014 A 0. 843 0.914
B 0. 000 0. 000

sAH C 0. 152 0.071
(N) 97 34 D 0. 000 0. 000
A 0.985 0. 956 E 0. 000 0. 000
B 0.015 0. 044 F 0. 005 0.014
C 0. 000 0. 000

sIDHP-2%

MAH-4%* (N) 99 35
(N) 100 35 A 0.944 0. 957
A 0. 950 0. 886 B 0. 056 0.043
B 0. 050 0.114

LDH-B2*

GPI-B1l* (N) 100 35
(N) 100 35 A 1. 000 1. 000
A 1. 000 1. 000 B 0. 000 0. 000
B 0. 000 0. 000 C 0. 000 0. 000

D 0.000 0. 000

———— —— e - — ——— T T —— . e " —— s g —
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Tabl e 2.(cont.) . Tabl e 2. (cont.)
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COLLECTIONS 19 & 20 COLLECTIONS 19 & 20
KLI CKH KLI CKR KLI CKH KLI CKR

LOCUS 90 90 LOCUS 89 90

LDH C PGK-2*

(N) 100 34 (N) 100 35
A 0.990 1. 000 A 0. 265 0.243
B 0. 000 0. 000 B 0.735 0. 757
C 0.010 0. 000

PEPA*

SMDH-A1,2%* (N) 100 35
(N) 100 35 A 0.990 0. 957
A 1. 000 1. 000 B 0.010 0.043
B 0. 000 0. 000 C 0. 000 0. 000
C 0. 000 0. 000

PEPB-1%*

SMDH-B1,2%* (N) 100 35
(N) 100 35 A 0. 915 0. 900
A 0.990 0.964 B 0. 045 0. 057
B 0.010 0. 029 C 0. 040 0.043
C 0. 000 0. 007
D 0. 000 0. 000 PEPD- 2*

E 0. 000 0. 000 (N) 100 35
A 0. 995 0. 986

mMDH-2 * B 0. 005 0.014
(N) 100 35
A 0.795 0.729 PEP- LT*

B 0. 205 0.271 (N) 100 35
A 0. 985 0. 986

SMEP-1% B 0.015 0.014
(N) 100 35 C 0. 000 0. 000
A. 0. 255 0. 429 D 0. 000 0. 000
B 0. 745 0.571

sSOD-1%

SMEP~2* (N) 100 34
(N) 99 35 A 0. 660 0. 706
A 1. 000 0.971 B 0. 340 0.294
B 0. 000 0. 029 C ~0. 000 0. 000

MPI * mSOD*

(N) 100 34 (N) 100 34
A 0. 825 0. 750 A 1. 000 0. 985
B 0. 165 0.221 B 0. 000 0. 015
C 0.010 0. 029

TPI-4%

PGM-1% (N) 100 35

(N) 100 33 A 0. 975 0. 957
A 1. 000 1. 000 B 0.025 0.043
B 0. 000 0.000
C 0. 000 0. 000
D 0. 000 0. 000
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Table 3.  Measures of genetic variability in YKFP spring and fall chinook stocks, evaluated over 46 loci in
20 collections made in 1989 and 1990. Standard errors are in parentheses.

Mean Heterozygosity

Mean Sample Mean Percentage
Size per Alleles of Loci Direct- Hdywb
Collection Locus per Locus Polymorphic * Count Exp. **
SPRING CHINOOK
1. AMERICAN R.89 79.8 1.3 19.6 0.062 0.058
0.1) (0.1) (0.021) (0.019)
2. AMERICAN R. 90 89.8 1.3 19.6 0.057 0.059
(0.9 (0.1) (0.018) (0.019)
3. BUMPING R. 89 32.7 1.5 17.4 0.067 0.065
(0.1) (c.1) (0.018) (0.018)
4. BUMPING R. 90 31.8 1.4 19.6 0.069 0.069
(0.1) (0.1) (0.019) (0.019)
5. L NACHES 89 39.7 1.4 23.9 0.060 0.064
(0.1) (0.1) (0.016) (0.017)
6.L. NACHES 90 20.8 1.4 21.7 0.068 0.067
(0.1) (0.1) (0.018) (0.018)
7. NACHES R.89 58.9 1.5 26.1 0.071 0.068
(0.0 (0.1) (0.018) (0.017)
8. NACHES R. 90 64.8 1.5 26.1 0.072 0.073
(0.5) (0.1) (0.017) (0.018)
9. CLE ELUM 89 99.9 1.5 28.3 0.063 0.083
(0.1) 0.1) (0.016) (0.015)
10. YAKIMA/EASTONS89 99.8 1.5 28.3 0.068 0.069
(0.1) (0.1) (0.017) (0.016)
11. YAKIMA/EASTONOO  49.2 1.4 26.1 0.069 0.068
(0.5) (0.1) (0.017) (0.017)
12. YAKIMA RIVER 110.7 1.5 26.1 0.060 0.062
BELOWROZA90  (0.3) (0.1) (0.013) (0.014)
13. CARSON NFH 89 99.7 1.5 21.7 0.058 0.059
(0.3) 0.1) (0.015) (0.015)
14. CARSON AT 99.5 1.5 21.7 0.062 0.062
KLICKITAT H. ( 0.4) (0.1) (0.016) (0.016)
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Table 3. (cont.l

Mean Heterozygosity

Mean Sample Mean Percentage

Size per Alleles of Loci Direct- Hdywbg
Collection Locus per Locus Polymorphic * Count Exp. o *
15. KLICKITAT H 89 99.7 1.5 21.7 0.061 0.062

(0.2) (0.1) (0.016) (0.017)
16. KLICKITAT H 90 99.6 1.5 23.9 0.065 0.070

(0.2 (0.1) (0.016) (0.018)

17. KUCKITAT R. 90 34.6 1.6 23.9 0.080 0.082

(0.1) (0.1) (0.019) (0.020)
FALL CHINOOK

1.7

18. YAKIMA RIVER 90 107.9 (0.1) 21.7 0.082 0.082

(1.0) (0.022) (0.022)
19. MARION DRAIN 89 99.9 1.6 23.9 0.066 0.065

(1.0) (0.1) (0.018) (0.018)
20. MARION DRAIN 90 51.5 1.4 17.4 0.084 0.084

(0.3 (©.1) (0.019) (0.019)

* A LOCUS IS CONSIDERED POLYMORPHIC IF THE FREQUENCY OF THE MOST COMMON ALLELE
DOES NOT EXCEED 0.95

o * UNBIASED ESTIMATE (SEE NEI, 1978)

CGenetic distance statistics were cal cul ated amongal | pairwise
conbi nations of the 20 collections to gain insight into the genetic
rel ati onshi ps anong the stocks. Two statistics were used, the
unbi ased genetic distance of Nei (1978) (Table 4) and the chord
di stance of Cavalli-Sforza and Edwards (1967) (Table 5). The
Caval l'i - Sforza and Edwards distances will hereafter be referred to
as CSE distances. The genetic distances are sunmarized graphically
in dendrograns generated by the unwei ghted pair-group nethod
(Sneath and Sokal 1973) (Figs. 1 and 2). The two nethods are
included to provide perspective on the use of genetic distance
statistics. There are many such statistics. Athough Nei's
statistics are the most used, they have been criticized for
dependency on pol ynor phi sm (Hillis 1984). The CSE statistic offers
an alternative which relies on a nore geonetric, but possibly |ess
genetic (\Weir 1990) approach. Simlarly, there are many clustering
al gorithms for generating dendrograns available. The unweighted
pal r-group nmethod we have used here is the most common, but not
necessarily the "best".
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Table 4. Nei's unbi ased genetic distances, evaluated over 48 loci, anmong 20 WDF YKFP chi nook
sal non col |l ections made in 1989-1990.

——— — — > AP G — . o —— ————— . —— TV, - G ————— . " W ———— T~ — ———— — W St G T —————————— " W — - — A ———— - -

Col | ection 1 2 3 4 5 6 7 8
1 AMERI CAN R 89 **x%x%x% (0,001 0.002 0.002 0.003 0.002 0.003 0.003
2 AVERI CAN R 90 0.001 =*#»x*x (0,001 0.000 0.001 0.000 0.001 0.001
3 BUWING R 89 0.002 0.001 =***%* (0.000 0.000 0.001 0.001 0.000
4 BUWPING R 90 0.002 0.000 0.000 =***%* (O.000 O0.000 0.000 0.000
5 L. NACHES 89 0.003 0.001 0.000 0.000 #***%% 0.000 0.000 0.000
6 L. NACHES 90 0.002 0.000 0.001 0.000 0.000 ***** 0.000 0.000
7 NACHES R 89 0.003 0.001 0.001 0.000 '0.000 0.000 *=***xx (.000
8 NACHES R 90 0.003 0.001 0.000 0.000 0.000 0.000 0.000 **kwkx
9 CLE ELTIM 89 0.006 0.004 0.002 0.003 0.002 0.003 0.002 0.002
10 YAK/EASTON 89 0.006 0.004 0.002 0.003 0.002 0.003 0.002 0.002
11 YAK/ EASTON 90 0.006 0.004 0.003 0.003 0.003 0.003 0.002 0.003
12 YAK BELOWRCQZA 90 0.007 0.005 0.003 0.003 0.003 0.004 0.002 0.003
13 YAKI MA FALL 90 0.021 0.020 .0.022 0.019 0.019 0.019 0.018 0.020
14 MARI ON DRAI'N 89 0.019 0.019 0.021 0.020 0.019 0.019 0.018 0.020
15 MARI ON DRAI'N 90 0.017 0.017 0.018 0.018 0.017 0.017 0.015 0.017
16 CARSON NFH 89 0.006 0.004 0.002 0.004 0.003 0.004 0.003 0.003
17 CARSON/KLICK 89 0.006 0.005 0.002 0.003 .0.004 0.005 0.003 0.003
18 KLI CRI TAT H 89 0.005 0.004 0.003 0.004 0.003 0.004 0.003 0.004
19 KLI CKITAT H 90 0.004 0.003 0.002 0.003 0.003 0.004 0.002 0.003
20 KLICKITAT R 90 0.007 0.006 0.005 0.005 0.005 0.006 0.004 0.005
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Tabl e 4. (cont.)

Col | ection 9 10 11 12 13 14 15 16
1 AVERI CAN R 89 0.006 0.006 0.006 0.007 0.021 0.019 0.017 0.006
2 AMERICAN R 90 0.004 0.004 0.004 0.005 0.020 0.019 0.017 0.004
3 BUWING R 89 0.002 0.002 0.003 0.003 0.022 0.021 0.018 0.002
4 BUWPING R 90 0.003 0.003 0.003 0.003 0.019 0.020 0.018 0.004
5 L. NACHES 89 0.002 0.002 0.003 0.003 0.019 0.019 0.017 0.003
6 L. NACHES 90 0.003 0.003 0.003 0.004 0.019 0.019 0.017 0.004
7 NACHES R 89 0.002 0.002 0.002 0.002 0.018 0.018 0.015 0.003
8 NACHES R 90 0.002 0.002 0.003 0.003 0.020 0.020 0.017 0.003
9 CLE ELUM 89 *x%x%x% (0.000 0.000 0.000 0.018 0.016 0.013 0.002
10 YAK/FASTON 89 0.000 *%**%x 0.000 0.o00' 0.015 0.014 0.011 0.002
11 YAK/EASTON 90 0.000 0.000 ***** 0.000 0.014 0.012 0.010 0.002
12 YAK BELOWROZA 90 0.000 0.001 0.000 *%*%* (0.019 0.018 0.014 0.001
13 YAKIMA FALL 90 0.018 0.015 0.014 0.019 =*=*x+x (0.002 0.004 0.024
14 MARI ON DRAIN 89 0.016 0.014 0.012 0.018 0.002 =*x**%x (0.001 0.022
15 MARI ON DRAI'N 90 0.013 0.011 0.010 0.014 0.004 0.001 ***%xx (.018
16 CARSON NFH 89 0.002 0.002 0.002 0.001 0.024 0.022 0.018 *****
17 CARSON/KLICK 89 0.002 0.002 0.003 0.002 0.024 0.023 0.019 0.000
18 KLI CKI TAT H 89 0.002 0.002 0.002 0.003 0.016 0.014 0.012 0.002
19 KLI CKI TAT H 90 0.002 0.002 0.002 0.003 0.014 0.012 0.010 0.003
20 KLICKITAT R 90 0.003 0.002 0.002 0.004 0.010 0.009 0.007 0.005
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Tabl e 4.

(cont.)

Col | ecti on

AMERI CAN R 89
AVERI CAN R. 90
BUWPI NG R 89
BUWPI NG R 90
L. NACHES 89
L. NACHES 90
NACHES R 89
NACHES R 90
CLE ELUM 89
YAK/EASTON 89
YAK/EASTON 90

YAK BELOW ROZA 90

YAKI MA FALL 90
MARI ON DRAI N 89
MARI ON DRAI N 90
CARSON NFH 89
CARSON/KLICK 89
KLI CKI TAT H 89
KLI CKI TAT H 90
KLI CKI TAT R 90

20

0.004 0.007
0. 003 0.006
0. 002 0. 005
0.003 0.005
0. 003 0.005
0.004 0.006
0. 002 0.004
0.003 0.005
0.002 0.003
0.002 0.002
0.002 0.002
0. 003 0.004
0.014 0.010
0.012 0.009
0.010 0.007
0. 003 0. 005
0.003 0.005
0,000 0,001

kkkk%k




Table 5. Cavalli-Sforza and Edwards chord di stances, evaluated over 48 | oci,

anong 20 WDF YKFP chi nook collections made in 1989-1990.

——— e . . . S . o T — A TS W Y S G S G P G S S S e e T v S M MM S S e G SE SR G A Ga S G S SV TR G S S G e - G G S — S SR S I L e D G s S e e G —

Col | ection 1 2 3 4 5 6 7 8
1 AMERICAN R 89 *%kxkx (0.028 0.052 0.055 0.064 0.062 0.061 0.066
2 AMERICAN R 90 0.028 *x*%%x% (0.047 0.041 0.048 0.052 0.048 0.056
3 BUWING R 89 0.052 0.047 *x*x* (0.043 0.043 0.054 0.051 0.047
4 BUWI NG R 90 0.055 0.041 0.043 =*x***x (0.035 0.045 0.036 0.046
5 L. NACHES 89 0.064 0.048 0.043 0.035 *x*xxx (0.044 0.035 0.039
6 L. NACHES 90 0.062 0.052 0.054 0.045 0.044 *x%%x% 0.040 0.043
7 NACHES R 89 0.061 0.048 0.051 0.036 0.035 0.040 *x*%** 0.039
8 NACHES R 90 0.066 0.056 0.047 0.046 0.039 0.043 0.039  *%kxk*
9 CLEELUMBY9 0.084 0.076 0.060 0.063 0.054 0.061 0.055 0.054
10 YAKIMA/EASTON 89 0.091 0.081 0.067 0.068 0.061 0.066 0.059 0.059
11 YAKIMA/EASTON 90 0.091 0.085 0.073 0.073 0.065 0.074 0.068 0.068
12 YAK BELOW ROZA 90 0.093 0.085 o0.069 0.070 0.062 0.070 0.062 0.066
13 YAKI MA FALL 90 0.141 0.136 0.138 0.128 0.128 0.126 0.123 0.123
14 MARI ON DRAI N 89 0.131 0.129 0.133 0.129 0.125 0.122 0.117 ©0.123
15 MARI ON DRAI N 90 0.132 0.129 0.132 0.129 0.127 0.122 0.117 0.124
16 CARSON NFH 89 0.087 0.080 0.060 0.074 0.070 0.080 0.072 0.072
17 CARSON/KLICK 89 0.087 0.082 0.059 0.076 0.075 0.083 0.078 0.078
18 KLI CKI TAT H 89 0.083 0.081 0.075 0.079 0.077 0.085 0.073 0.077
19 KLICKI TAT H 90 0.077 0.074 0.070 O0.076 0.076 0.082 0.070 0.072
20 KLICKITAT R 90 0.096 0.092 0.089 0.089 0.091 0.095 0.080 0.084
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Table 5. (cont.)

Col | ection 9 10 11 12 13 14 15 16
1 AMERICAN R 89 0.084 0.091 0.091 0.093 0.141 0.131 0.132 0.087
2 AMERICAN R 90 0.076 0.081 0.085 0.085 0.136 0.129 0.129 0.080
3 BUWPING R 89 0.060 0.067 0.073 0.069 0.138 0.133 0.132 0.060
4 BUWING R 90 0.063 0.068 0.073 0.070 0.128 0.129 0.129 0.074
5 L. NACHES 89 0.054 0.061 0.065 0.062 0.128 0.125 0.127 0.070
6 L. NACHES 90 0.061 0.066 0.074 0.070 0.126 0.122 0.122 0.080
7 NACHES R 89 0.055 0.059 0.068 0.062 0.123 0.117 0.117 0.072
8§ NACHES R 90 0.054 0.059 0.068 o0.066 0.123 0.123 0.124 0.072
9 CLE ELUM 89 ¥EFEX®0.032 0.031 0.032 0.116 0.111 0.108 0.059
10 YAKIMA/EASTON 89 0.032 =**x*%x%x (0.040 0.037 0.109 0.106 0.103 0.060
11 YAKIMA/EASTON 90 0.031 0.040 #**xx%x (0.036 0.106 0.102 0.103 0.067
12 YAK BELON ROZA 90 0.032 0.037 0.036 =***x** (0.121 0.116 0.115 0.059
13 YAKIMA FALL 90 0.116 0.109 0.106 0.121 =***xx (0.056 0.067 0.137
14  MARI ON DRAI'N 89 0.111 0.106 0.102 0.116 0.056 =*****x (0.040 O0.133
15 MARION DRAIN 90 0.108 0.103 0.103 0.115 0.067 0.040 #****x (0.131
16 CARSON NFH 89 0.059 0.060 0.067 0.059 0.137 0.133 0.131 **%x*
17 CARSON/KLICK 89 0.065 0.064 0.069 0.061 0.144 0.138 0.137 0.040
18 KLI CKI TAT H 89 0.070 0.068 0.070 0.073 0.117 0.110 0.111 0.068
19 KLI CKI TAT H 90 0.069 0.068 0.071 0.075 0.111 0.104 0.106 0.069
20 KLICKITAT R 90 0.078 0.075 0.077 0.082 0.101 0.095 0.100 0.087
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Table 5. (cont.)

- — . — o —— A" — S T — T — T ———— S — o — ——— ——. ——— — i P T o — G o v " o =

Col |l ecti on 17 18 19 20
AVERI CAN R 89 087 0.083 077 . 096
AVERI CAN R 90 .082 0.081 .074 . 092
BUWI NG R 89 .059 0.075 070 . 089
BUWPI NG R 90 076 0.079 076 . 089

075 0.077 . 076 . 091

1 0
2 0
3 0
4 0
5 L. NACHES 89 0
6 L. NACHES 90 0
7 NACHES R 89 0
8 NACHES R 90 0
9 CLE ELUM 89 0.
10 YAKIMA/EASTON 89 0. 064
11 YAKIMA/EASTON 90 0.
12 YAK BELOWRQZA 90 O
13 YAKI MA FALL 90 0
14 MARI ON DRAI N 89 0
15 NMARI ON DRAIN so - 0
16 CARSON NFH 89 0
17 CARSON/KLICK 89 *
18 KLI CKI TAT H 89 0
19 KLI CKI TAT H 90 0
20 KLICKITAT R 90 0

e e — . — S S Tt . S S s T e T o A T W e S T P T VD A G (" i W T s T Yo S — A — — — — — o —
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AMERI CAN R 89
— AMERI CAN R 90
— BUWING R 89
BUWPING R 90
L. NACHES 89
L. NACHES 90
NACHES R 89
NACHES R 90

CLE ELUM 89
YAKIMA/EASTON 90
YAKIMA/EASTON 89
YAK BELOW RQZA 90
CARSON NFH 89

= CARSON/KLICK. 89

KLI CKI TAT H 89
L—[; KLI CKI TAT H 90
KLI CKI TAT R 90

—— YAKIMA FALL 90

I:I\/ARIG\I DRAI'N 89

MARI ON DRAI'N 90
R T R R S

0,03 0. 02 0. 01 0. 00

Fig. 1. UPGVA dendrogram of Nei's unbi ased genetic distances
cal cul ated over 48 loci in 20 YKFP collections of chinook
sal non.
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AMERI CAN R 89
AMERICAN R 90
BUWPING R 89
BUMPING R 90

L. NACHES 89
NACHES R 89
NACHES R 90

L. NACHES 90

CLE ELUM 89
YAKIMA/EASTON 90
YAK BELOW RQZA 90
YAKIMA/EASTON 89
CARSON NFH 89
CARSON/KLICK. 89
KLI CKI TAT H 89
KLI CKI TAT H 90
KLI CKI TAT R 90
YAKI MA FALL 90
MARI ON DRAI'N 89
MARI ON DRAI'N 90

Fig. 2. UPGVA dendrogram of Cavalli-Sforza and Edwards' (1967)

chord di stances, cal cul ated over 48 |oc

in 20 collections

of chinook salnmon. The two unconnected clusters join at a

di stance of 0.12.
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The nmethod of principal coordinates (Gower 1966) was used as an
alternative graphical approach to representing the genetic
di stances anong the Yakima spring chinook collections (Figs. 3 and
4). Principal coordinates were derived using NISYS, version 1.4
(Rohl f 1988), and plotted with Statgraphics (STSC, Inc. 1986).

Gtests (Sokal and Rohlf 1981) of heterogeneity of allele
frequencies were done for every pairwise conparison of collections
as another neans of evaluating genetic differences between
collections. The Gtest program used was witten by R Wples of
the National Mrine Fisheries Service, Seattle, and nodified for
WDF use by C. Busack. Results are presented in Table 6.

Two types of m xed-stock fishery anal yses ﬁe.g., Marshall et al.

1991) were carried out on the chinook sanples. The Prosser snolt
coll ections were analyzed as fishery sanples with an all - Yaki nma
baseline to determ ne Spring-fall conposition, using wbr's MLE
(maxi mum |'i kel i hood estimation) program The programwas witten
by R MIIar. Yakima spring chinook mxed-stock fisheries
simulations to evaluate the potential for discrimnating between
stocks in a mxed group were done using Millar's SI MLE program

also witten for WDF. Sinmulation results are presented in Table 7.
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Figure 3.

Plot of first three principal coordinates calculated from
Nei's unbi ased genetic distances over 48 |oci anong 12
col | ections of Yakima subbasin spring chinook. Collection
| abel codes are as follows: A Anerican R ; B, Bunping
R.,I.,little Naches R; N Naches R; E, Yakima R at
Easton; ¢, e ElumR |In cases where a site was sanpl ed
both in 1989 and 1990, the label m1i" denotes the 1989
collection and "2*" the 1990 col |l ecti on.
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Figure 4. Plot of first three principal coordinates calculated from
Caval | i -Sforza and Edwards chord di stances over 48 | oci
anong 12 col |l ections of Yaki ma subbasin spring chi nook.
Coll ection | abel codes are as follows: A Anerican R; B
Bunping R; L, Little Naches R; N, Naches R; E, Yakina
R at Easton; C Ce ElumR In cases where a site was
sanpl ed both in 1989 and 1990, the |abel "i" denotes the
1989 collection and "2" the 1990 col |l ecti on.
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Table 6. Non-significant G-test results for pairwise comparisons of 20 YKPP chinook collections. All
comparisons not shown were significant at the p<0.01 level overall.

Number of significant (p<0.05)
Comparison single-locus comparisons

A Comparisons not significant
overall atp<0.05

BUMPING
BUMPING
BUMPING
BUMPING
BUMPING

89 VS BUMPING R. 90
89 VS L NACHES 89

89 VS L. NACHES 90

89 VS NACHES R. 90

90 VS L NACHES 89

BUMPING R. 90 VS L NACHES 90

BUMPING R. 90 VS NACHES R. 89

BUMPING R. 90 VS NACHES R. 90

L NACHES 89 VS L NACHES 90

L NACHES 89 VS NACHES R. 89

L NACHES 89 VS NACHES R. 90

L NACHES 90 VS NACHES R. 89

L NACHES 90 VS NACHES R. 90

NACHES R. 89 VS NACHES R. 90

CLE ELUM 89 VS YAKIMA/EASTON 90
YAKIMA/EASTON 90 VS YAK BELOW ROZA 90

0 X0V X0 X020V

=, NDO O — = = N0 — O — = =

B. Comparisons significant overall at
at p<0.05, but not at p<0.01

AMERICAN R. 89 VS AMERICAN R. 90
AMERICAN R. 90 VS BUMPING R. 90
BUMPING R. 89 VS NACHES R. 89

CLE ELUM 89 VS YAKIMA EASTON 89
YAKIMA EASTON 89 VS YAKIMA/EASTON 90
MARION DRAIN 89 VS MARION DRAIN 90
KLICKITAT H 90 VS KLICKITAT R. 90

A N W W - W -
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Table 7. Stock contribution estimates (as percentage) for
sinmul ations of Yaki ma Subbasin spring chi nook ni xed-stock
sampl es. Each estimate is the nean of 50 sinulations.

Stock Contributions

25- Fi sh 50- Fi sh 100-Fish
Si mul ati on/ St ocks Sanpl es Sanpl es Sanpl es

Simul ati on: 100% Areri can

Anmeri can 93 + 9 95 + 5 96 + 4

Naches 6 + 9 5+ 5 4 * 4

Yaki ma 1+ 2 0+ 1 0+ 1
Simul ation: 100% Naches

Anmeri can 11 +12 10 £+ 9 8 + 7

Naches 81 *1is6 83 +13 87 £ 9

Yaki na 8 + 9 7+ 7 5 + 4
Sinul ation: 100% Yaki ma

Anmeri can 1+ 2 0+ 1 0+ 1

Naches 6 £+ 5 4 4 4 + 4

Yaki na 93 + 6 95 + 5 96 + 4

RESULTS AND DI SCUSSI ON
Yaki ma Spring Chi nook sSubstock |dentification

Qur approach to substock identification in the Yaki ma subbasin has
been to sanple virtually every sizable spawning aggregation, based
on YIN spring chinook studies (Fast et al. 1988). Accordingly, in
the Naches arm of the subbasin, the American River, Bunping R ver

Little Naches River, and mainstem Naches were sanpled in both 1989

and 1990. In the Yakima arm the e ElumRiver and mainstem Yakima
at Easton were sanpled in 1989. The 1989 data showed little genetic
di fference between fish sanpled at the two |ocations, and with fish

nunbers being low, only the Yakina at Easton was _sanpled. In
addition, a Tate spawning group downstream from Roza dam was

sanpled in both years. The peak of spawning was mssed in 1989,
resulting in only 14 fish, but a large sanple was collected in
1990. W also collected a sanple of the Carson hatchery stock

whi ch had been released in the basin as |late as 1986.

More existing information was available on Yakima spring chin$ﬁk
than on any Other salmonid stock in the YKFP subbasins. e

Arerican River popul ation had | ong been recognized as distinctive
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because of its age structure (a high level of 5-year olds) and run
timng (Howell et al. 1985). Howell et al. (1985) considered the
upper Yaki ma popul ation distinct fromthe Anerican River stock
because of differences in age structure and run timng, and
consi dered the Naches spring chinook internediate between the other
st ocks.

To a large extent, the expectations of substock structure based on
the Howell et al. summary are borne out by the el ectrophoretic
data. The two dendrograns (Figs. 1, 2) differ in sonme details, but
both clearly show that the Yakinma spring chinook collections
cluster into two major groups: Naches and upper Yakim. However,
the distinct Iife history characteristics of the American River
popul ation (Howell et al. 1985, and Knudsen, this report) are not
strikingly reflected by the electrophoretic data. CSE chord
di stances separate the American River collections quite well from
the ot her Naches col | ections %Fig. 2), but Nei distances (Fig. 1)
denonstrate a close rel ationship between Anerican R ver and Bunping
River. The two American River collections differed overall in
allele frequency (Table 6), the 1990 collection being nore simlar
to Bunping River than the 1989. The inconsistency in the clustering
of American R ver collections and simlarity to the Bunping River
collections nmay also reflect gene flow between Anerican R ver and
Bunping River. Gene flow is quite likely, since the Arerican is a
tributary of the Bunping, and both are relatively small streans.
Consi derabl e uncertainty still surrounds this situation because of
the small sanple sizes obtained thus far in Bunping R ver
relationships will be clarified as nore data are coll ected.

The other major Howell et al. -based expectation of stock structure,
that the Naches chinook are internedi ate between upper Yaki ma and
Anerican River chinook, cannot be approached dendrogrammatically.
Clustering in dendrogranms is done aggloneratively, addi ng
collections to existing clusters based only on which they are nost
simlar to; relationships such as clines cannot be discerned from
dendrograns (Lessa 1991). Internediacy of the Naches popul ation(s)
has to be explored by |ocus-by-locus conparisons or by another
ordi nation techni que such as principal coordinate analysis (CGower
1966) (hereafter called PCOORD) or nonnetric multidi nmensiona
scaling (Lessa 1991).

poocrp has been |ittle used in fishery genetics research, but was
used to advantage by campton and Johnston (1985) in their study of

Yaki ma rai nbow trout. PCOORD presentations of Nei and CSE di stances
anong the Yakima spring chinook collections are presented in Figs.

3 and 4, for purposes of conparison with the dendrograms. W regard
our use of PCOORD at this point to be experinental, and caution
against drawing firm conclusions from these diagrans. pcoorD
presentations have obvious theoretical advantages over dendrograns
In that the relationships are depicted in three di nensions rather
than one, and there is no distortion of distances by agglonerative
clustering. In actual application here, to a large extent they
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mmc the dendrograns in depicting both the separation between
Naches and upper Yakima, and the relationship between the American
Ri ver and ot her Naches collections. The spatial placenent of
collections in Fig. 4 is clearly nmore plausible than that of Fig
3 wth respect to Arerican River. |In both figures, the 1990
Anrerican River collection (A2) is nore simlar to the other Naches
collections than the 1989 collection (Al). In Fig. 4, it is closest
to the Bunping River collections, and the Bunping collections are
in turn sonmewhat separated from the other Naches collections; in
Fig: 3, the 1990 Anerican collection is closest to a Naches
collection, and the Bunping collections are depicted as average
Naches collections. On the issue of Naches internediacy, the one
area in which we hoped PCOORD may yield nore information than
dendrograns, the PCOORD plots agree, neither depicting the Naches
as internedi ate between the upper Yakima and Anerican River.

PCOCRD appears to provide a useful alternative to dendrograns in
depicting genetic distances, and its use here again brings up a
problem with genetic distance statistics we have noticed: often
graphical presentations of CSE distances nmake nore sense
io

ogically than graphical presentations of the alnost universally
used Nei distances.

For prefacility purposes, it is necessary to partition these
popul ations into substocks. To a |arge extent, however, substocks
are managenent, rather than genetic, units in anadronous sal nonids.

Wiile it would be convenient if the fish sorted thenselves out into
di screte, noninterbreeding units (true stocks), theﬁ naturally form
a metapopul ation, a group of partially isolated subpopulations. In
other words, in trying to sort theminto substocks we are to sone
extent fitting theminto an unnatural classification schene. \Wat

we have to do in dividing the populations into substocks for the
YKFP is to nake a decision as to what |evel of population
differentiation is biologically meaningful. There are no
universally applicable criteria for this, but we feel the recent
NMES Endangered Species Act species definition paper (Waples 1991)
shoul d be used as a guide. W propose that our criteria for
descri bing YKFP substocks be at least as strict as'those used to
descri be "species" for ESA purposes. Thus, any YKFP popul ation
that could be considered a "species" sensu Wapl es (1991), shoul d be
consi dered a substock. For "species" status Waples requires that

popul ations be evolutionarily significant units (ESu's), and for a
popul ation to be an ESU he requires that it: 1) be reproductively
Isolated (this need only be substantial, not total) from other

popul ations, and 2) constitute an inportant conponent in the
evol utionary |egacy of the species. To neet the second requirenent
a Bopulat|on needs to be genetically distinct, to occupy a unique
habitat, or to show evidence of wunique adaptation to its
environment. Using the ESA guidelines for substock identification
is appealing for two reasons: 1) the guidelines provide a rationa

approach to dealing with a variety of data types, and 2) it wll
serve to mnimze potential YKFP conflicts with the ESA It is
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inmportant that the "at |east as strict" aspect of the substock
identification criteria be enphasized. One or nore of the groups we
may designate as substocks may not neet the criteria for ESU
status, perhaps because of possible hatchery influence. This should
in no way influence our treatnent of these groups, because our
charge in the YKFP is to protect the genetic integrity of the
exi sting substocks, with no regard to significance outside the YKFP
subbasi ns.

It seens clear fromthe genetic data, as summarized in the figures,
that the upper Yakinma and Naches popul ations shoul d be regarded as
separate substocks. Tagging data to verify reproductive isolation
woul d be desirable, but even without it the genetic distances
between the two groups relative to those within suggests that gene
flow between the two arms of the subbasin is |ow. Wthin the upper
Yakima there is no evidence of finer substock distinctions at this
poi nt . Al though many of the possible Gtests are significant
_§Tab|e 6), the Nei distances within the group are effectively zero.

he CSE di stances are nuch |larger (Fig. 2), but the clustering of
the two Yakima/Easton collections suggests that observed
differences in the group may be due to sanpling error. Should
further data collection result in a situation where Yakima/Easton

Ce Elum and Yakima bel ow Roza collections tended to cluster by
sanpling location, the possibility of finer substock distinctions
woul d have 'to be considered.

The situation is different in the Naches, because of the
di stinctiveness of the American River population and |likely gene
fl ow between it and the Bunping R ver popul ation. An added
conplication is the heterogeneity between the American River
collections, raising questions as to the "average" allele frequency
profile of American ver spring chinook and the ™average™ gene
fl ow between Anerican River and Bunping River (is it constant or
highly variable?). The distinct life history characteristics and
age distribution (Knudsen, this report) of Anerican River is strong
evi dence for considering the American River popul ati on a substock
distinct fromthe rest of the Naches. Anmong the other Naches
collections there is little evidence for differentiation except for
Bunping River, which is a link to Anerican River. For the tine
bei ng we consider the American R ver popul ati on and Naches (ot her
than Anerican) to be distinct substocks, but nore data are needed.
Except for the Arerican River, sanple sizes in the Naches have been
fairly low This is especially true of the Bunping, where nuch nore
accuracy in allele frequencies is needed. Simlarly, data on gene
flow within the Naches system especially between the American and
the rest of the basin, would be very useful.

Hat chery influence is to be expected in the Yakinma, and the
clustering of the Carson and upper Yakinma stocks may reflect this,
al t hough we have no idea how simlar the two were before the
hat chery operations began. One CWT has been recovered in the
collections nmade to date, a Leavenworth tag found in the Little
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Naches in 1989 froma Ce Elumrelease. This is probably nore
noteworthy as an indicator of straying than as an indicator of
hat chery i nfl uence.

Yaki ma_spring Chi nook M xed-Stock Fisherv Sinulations

Si mul ati ons of m xed-stock Yakima spring chinook fisheries were
carried out to do a prelimnary evaluation of bias in our ability
to nonitor substock conposition of a mxed group of fish, either in
termnal fisheries, 1in broodstock collection, or perhaps in
eval uation of winter mgrants. The baseline used consisted of al
12 Yaki ma spring chi nook collections, and fisheries consisting of
100% of each of the three stocks were sinulated. Al conponent
col lections of the stocks sinulated were considered to exist in
equal proportions in the fisheries. Fisheries of 25, 50, and 100
fish were sinulated. For each run, 50 repetitions of the sinulation
were done. Results are presented in Table 7. In sinulations of 100%
Anerican R ver, stock conpositions averaged 95% Amrerican River and
5% Naches; there was essentially no allocation to the upper Yakina.
The 100% Naches sinulations allocated 81-87% to the Naches, wth
performance inproving as sanple size increased, and the renai nder
to American River and upper Yakima in an approximately 1.5:1 ratio.
The upper Yakima sinulations allocated 93-95% to upper Yakinma wth
the remainder to the Naches; at most 1% was allocated to the
Amrerican River. These sinulations are prelimnary, included only to
provide a perspective on the problem A nmuch nore conprehensive set
of simulations, using mxed fisheries of the three stocks and
differing m xtures of conponent collections wthin the stocks,
needs to be done. However, in general it appears that American
Ri ver and upper Yakima may be distinctive enough that their
proportions can be estimated with relatively low bias. Estimation
of Naches stock proportions involves considerably nore bias.

Yaki ra Fall Chi nook Substock |dentification

The strategy for identification of fall chinook substocks in the
Yaki ma subbasin differed nmarkedly fromthat for spring chinook,

because no evidence of substocks existed before our research began.

In addition, poor visibility had hindered research to determ ne
spawner distribution. It was believed, however, that distinctive
subst ocks were unlikely to occur because of the large rel eases of
hat chery upriver bright fall chinook into the basin in the last few
years.

Besi des the mainstem Yakima River, spawning was known to occur in
Marion Drain, an irrigation channel west of the town of Granger.
W decided initially to sanple Marion Drain and the nmain stem
Yaki ma (the nost accessible site was Benton CGty). |If no difference
was found between these two collections, there would be little
point in going further. Mrion Drain was sanpled in 1989 and in
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1990, wth sizable sanples obtained in both years; an adequate
sanpl e fromthe mainstem Yaki ma was not collected until 1990.

El ectrophoresis revealed that the mainstem and Marion Drain
populations were quite distinctive (Figs. 1, 2). Thi's
distinctiveness is even nore interesting when the allele frequency
profiles of these collections are conpared to other Colunbia basin
fall chinook. This was recently done in the course of preparing
data for the ESA technical process (data not shown here). Two
groups of upper Colunbia fall chinook occur: one represented by
Hanford Reach, Priest Rapids, and other "standard" upriver-bright
hatchery stocks; and the other by Lyons Ferry hatchery (which
produces Snake R ver fall chinook), Mrion Drain, and possibly
Deschutes River (only old, snall sanﬁl es are avail able). The
mainstem Yaki ma collection clusters with the Hanford Reach/Pri est
Rapi ds group.

The simlarity of the mainstem collection to this group is not
surprising, given the |arge hatchery rel eases of recent years. In
addition, five fish in the sanple were coded-wire tagged, three
from Priest Rapids releases in the Yakima and two from Pri est
Rapids releases in the Umatilla. The collective expansion of all
five tags is 33 fish, nostly accounted for by the Umatilla fish,
whi ch each expanded to 12. In contrast, one Priest Rapids tag was
recovered in Marion Drain in 1989 (and one clipped untagged fish),
and none in 1990. If this pattern is typical, hatchery influence is
stronger in the mainstem than in Marion Drain. This is to be
expected, since all releases have been nade into the mainstem

The Marion Drain popul ation probably represents original Yakim
fall chinook, and the mainstem popul ation represents ori gi nal
Yaki ma fall chinook overwhel ned by hatchery rel eases of Hanford
Reach/ Priest Rapids type fish. Releases having an inpact on the
mainstem group nmay Include those outside the basin (such as
Uratilla) as well as those within. It is also possible, however,
that other native Yakima fall chinook substocks besides Mrion
Drain persist, and this possibility should be pursued.

There is speculation that the Marion Drain population resulted from
col oni zation by exotic fall chinook, but no real evidence for this
idea at this point. Howel| et al. (1985) suggested the Marion Drain
popul ation was founded froma release of hatchery tules. This is
refuted by the electrophoretic data; the Marion Drain fish are very
distinct fromtule stocks we have anal yzed. In addition, Waples et
al . (1991), based on the electrophoretic simlarity of Lyons Ferry
and Marion Drain fall chinook, suggest that Marion Drain may have
been colonized by Snake fall chinook displaced by habitat
destruction. This explanation for the Marion Drain-Lyons Ferry
simlarity is not supported by any other data. Marion Drain has
been popul ated by fall chinook for many years, and genetically
simlar fish also occur in the Deschutes subbasin. The nost IikeIK
cause of the Marion Drain-Lyons Ferry simlarity is that bot
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popul ations (and the Deschutes fall chinook) represent the origina
?enetically ntypical® upriver fall chinook, and the Hanford Reach
all chinook, on which all the upriver bright fall chinook hatchery
stocks are based, is genetically distinct.

one fact nust be kept in mnd in considering the future of the
Marion Drain population: it accounts for a substantial portion of
the genetic diversity existing anong Col unbia upriver fall chinook.
Thus, it is a very inportant population in a basin-w de context.

Prosser Sprins and Fall Chinook Smolt M xed Fi shery Anal ysi s

Two 100-fish col |l ections of chinook snolts passing Prosser dam were
made in early July 1990 to electrophoretically eval uat e
identifications of fish as spring or fall run. Collection woopy
consisted of fish over 9omm FL, collection weobDz of fish under 90mm
FL. Ninety fish fromeach collection were run through our ME
m xed-stock fishery program to estinmate stock conposition. The
baseline used <consisted of all the adult Yakima chinook
collections. The stock conposition of w9oDY was estimated to be
60+6% falls; W90DZ was estimated to be 98+2% falls. At this time of
year alnost all snolts passing Prosser would be expected to be
falls, so the results for w9oDzZ are wthin expectation. It also
makes sense that the sanple containing the larger fish would
contain nore spring chinook snolts. The breakdown of allocations by
substock is interesting, although it should be considered tentative
because of potential bias problens (M.E estimates are biased- the
nore simlar the baseline stocks, the nore serious the potentia

bias). The fall chinook contribution in weopy was all from the main
stem and the spring chinook contribution all fromthe upper Yakim
(Cl e Elum, Easton, and Bel ow Roza). The fall chinook contribution
I N wooDpz was 79% mainstem and 18% Marion Drain, and the spring
chinook contribution all from the Naches group (Naches, Little
Naches, and Bunpi ng).

Klickitat spring Chi nook Substock |dentification

Little is known about the historical distribution and abundance of
w ld Kliickitat spring chinook, |arge-scale hatchery rel eases have
been nade into the subbasin since the late 1950s from a WDF
hatchery sited 40 mles upstream from the Col unbia confl uence.
Thus there was no existing evidence for substock structure, and a
high likelihood that, had there been nultiple substocks, they would
have been overwhel ned by the hatchery rel eases. Accordingly, our
research has been ained at one central question: are there spring
chinook in the Klickitat that are genetically distinct fromthe
hat chery stock?

The Klickitat hatchery stock was sanpled in both 1989 and 1990. In
addition, Carson fish returning to Klickitat in 1990 were sanpled
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These were the product of a large Carson release in 1986 desi gned
to neet an eggtake shortfall of the Klickitat hatchery stock. The
Carson fish were all ventrally clipped, and were supposed to be
spawned separately from the returning Kickitat fish, but sone
crossbreeding was observed by our sampling staff. Thi s
crossbreeding, if substantial, will cause a shift in the Kl ickitat

allele frequency profile in the 1990 brood year and the next few
brood years descended fromit, as the Carson and Klickitat stocks
differ substantially in allele frequency (Tables 3, 6; Figs. 1, 2).

The Carson fish are no longer “on-station, so additional

crossbreeding will not occur in future years. The |argest sanple of

wi | d spawners obtained to date was 35 fish in 1990.

The wild spawners do appear distinct fromthe hatchery stock (Figs.
1, 2; Table 6). This may in part be attributed to aberrant allele
frequenci es caused by the snall sanple size, but not entirely. The
wi | d collection included two heterozygotes for the sAAT-1,2*105
allele, which is a fairly rare allele found in neither the
collections of the Klickitat hatchery stock nor the Carson sanples
(Carson and Carson at Klickitat). This is an unconmon but w dely
distributed allele that is known to occur in the Fraser drainage
(D. Teel, NWFS, pers. conmj and in coastal California (Gll et al.
1989). In the Colunbia basin, outside of this occurrence in the
Klickitat subbasin, it is known to occur onuy in the Wenat chee
subbasin. There is a possibility of mstaking degradation products
for this allele on the gels, so the sanples were rerun. The
variation appears to be real.

The finding of rare variation in the collection of wld spawners is
surprising, based on presanpling expectations, but even nore so
given that at l|east six hatchery fish (identified by scale

patterns) were included in the collection. These six fish included
nei ther of the rare heterozygotes.

Further sanpling is obviously warranted, but at this point the

evidence indicates that there is a group of Klickitat natura
spawners that are genetically distinct fromthe hatchery stock

SUMVARY RECOMVENDATI ONS

Yaki ma_spring Chi nook

Al though a great deal of electrophoretic data has been accunul ated
on YKFP spring chinook stocks, particularly those in the Yakina, it
Is inportant to keep in mnd tw limtations of the data. First,
an el ectrophoretic profile of the stocks gives us sone insight into
t he substock structure, but only at that nonent in tine. Each year
of sanpling is essentially a snapshot of a dynam c process. By
sanpling repetitively and examning allele frequency shifts we can
begin to see the dynanic process.” For this reason we originally
proposed, and plan to continue prefacility sanpling through one
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conpl ete generation. Even this extensive sanpling, however, is
insufficient to give us as clear a picture of genetic relationships
among Yaki ma spring chinook as we need for careful nmanagenent of
t he substocks. Tagging studies should be done to evaluate gene flow
wi thin and anong the substocks. This should be conpl enented by
conputer sinmulations to explore how the relationships anong the
substocks wi |l change under various gene flow regines.

The second limtation is precision of data. Al these data are
subject to sanpling error that is dependent on sanple size. I|f
allele frequencies 1n two collections differ, no matter what the
sanple size, this will be reflected in any graphical representation
of genetic relationships. Mich of the resulting pattern of
rel ati onshi ps may be spurious, however, based |largely on sanpling
error. At this point there is a large disparity in sanple sizes of
t he Yakima spring chinook collections; American R ver and upper
Yaki ma col l ections tend to be |large, but Naches collections are
substantially smaller (especially Bunping River). Repeat sanpling
of populations will renmove much of the uncertainty about allele
frequency profiles, but if possible, larger Naches collections need
to be made.

Alternative nethods of population ordination, such as principal
coordinates and nultidinmensional scaling, should be further
devel oped to better define relationships anong the substocks. Mre
work shoul d be done to find a "best™ genetic distance statistic; a
| ogical starting point is a conparison of Hillis' (1984) nodified
Nei distance with the orthodox Nei and CSE distance statistics.

Sinmulati on analysis should be expanded to potentially aid in

monitoring substock conposition in termnal fisheries, in
broodstock collection, as well as other uses such as eval uation of
W nter mgrants. This wll be especially inportant for harvest

strategies to mnimze inpacts on Anerican River, which is to be a
genetic refuge stock, but will also be useful in evaluating the
substock conposition of winter mgrants.

Yaki ma_Fal | Chi nook

Sanmpling of Marion Drain and the mainstem shoul d be conti nued, and
sanpling efforts shoul d be expanded to explore the possibility of
Marion Drain-type fish existing el sewhere in the subbasin. The
hypothesis that the mainstem fish genetically represent an
adm xture of Marion EXain-tyﬁe fish and hatchery upriver brights
should be tested. The Deschutes River fall chinook popul ation
shoul d be sanpled to better delineate its relationship to the
Marion Drain and Lyons Ferry popul ations.
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Klickitat sSprina Chi nook

The present sanpling program should be continued, enphasizing
efforts to collect a larger sanple of natural spawners. Sanpling
shoul d be expanded to any other areas in the subbasin. where the
exi stence of additional substocks is plausible. The tribal dipnet
fishery should be sanpled for wld fish. An estimate of the
numerical inportance of wild fish to the overall run can be
estimated using scale pattern analysis, and those fish identified
as wild can be anal yzed el ectrophoretically for conparison with the
Klickitat spring chinook sanples already collected.
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Appendi x 1. 1991 WDF chinook el ectrophoretic baseline protocol

HEART

TRIGGAY (35mmorigin) 5 1/4 hrs @600V (max. 90 maA) LKB TH CK
GEL
PEPB (PEPB-1 & 2) _
PGM (PG 1, 2) score quickly
HAGH (HAGH + ACR)
MPI
ADA (ADA-1 & 2)
SOD (ssoD-1 & msop) a_+ ¢ from mddl e

CAMEN 6.8 ¢(35mm origin) 5 1/4 hrs @250V (nmax. 90 ma) TH CK CGEL
ADD 15ng NAaD/100mL gel buffer immedi ately before deqgassing
G3PDH (G3PDH-3)

AH (maH-1, 2, 3, & 4)

MDH (sMDH-Al,2 & Bl1,2 & mMDH-1, 2, & 3) a+c

AAT (mAAT-1) conly frommddle

| DHP + PGDH (mIDHP-1 & 2 + PGDH) score IDH very quickly
PEPD ( PEPD- 2)

GAPDH (GAPDH 2 & 3)

MEP (mMEP) add 15 mg oxal cacetate to stain

TG4 (40mm origin) 5 hrs @90 mA (nmax. 250V) LKB TH CK GEL
[usk of Heathkit may reguire |onger runj
PEPB  (PEPB-1) a+c
AAT (SAAT-1,2 & mAAT-1 & 2) a + C
MEP (sMEP-1 & 2) score guickly use 15 ng. oxal oacetate
SCD (sSOD-1 & 2 & mSOD) a+c
R
| DHP (sIDHP-1,2)
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Appendi x 1. (cont.)

EYE

TRIS-GAY (35mmorigin) 5 1/4 hrs @550V (max. 80 mA) LKB THI N GEL
LDH (LDHBlI, B2, & Q
AAT (SAAT-3)
TPI (TPI-1.1, 1.2, 2.1 & 2.2)
PEPA (PEPA) score quickly
HA

CAME 6.8 (35mmorigin) 5 1/4 hrs @250V (max. 75 ma) THI N GEL
AAT (SAAT-3) 200 ng fast bl ue BB)
| DHP (sIDHP-1,2) _
P&XK (P&K-2) score quickly
GR

LDH (LDHBI, B2, & Q
[ MDH i nstead of GR?]

TRIS-GAY (35 mmorigin) 5 1/4 hrs €600V (nmax. 90 mA) LKB_TH CK &1
PEPB ( PEPB-1)

PGM + MPI  (PGW1 & 2) score PGM quickly

GPl (cGpPI-B1, B2, A & r) score verv gquickly
PEP-LT (PEPD-2 & PEP-LT)
TP (TPI-21.1, 1.2, 2.1, & 2.2) a + ¢
ADA (ADA-1 & 2)

CK (CK-Al & A2)

CAME 6.8 (35mm Origin) 5 1/4 hrs @250V (max. 90 ma) TH CK GEL
AH (mAH-3 & 4) _
P&K ( PGK-2) score quickly
MDH (sMDH-A1,2 & B1,2 & mMDH-2, & 3) a_+_C
AAT (SAAT-1,2 & mAAT-1) a_+ C
| DHP + PGDH (mIDHP-1, 2 & sIDHP-1, & 2 + PCDH)
G3PDH (G3PDH-4)

TC-4 (40mmorigin) 5 hrs @90 ma (max. 250V) LKB THI CK GEL
[use of Heathkit may reguire | onger run]
PEP-LT + PEPB (PEP-LT + PEPB-1) a + C
AAT (mAAT-1 & 2) ¢ Only, frommddle
| DHP (sIDHP-1, & 2) esp. "94" allele

MEP (sMEP-1 & 2) use 15mg oxal oacetate
CR

PEPD ( PEPD-2)
ADA ( ADA- 2)
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Appendi x 1. (cont.)
LI VER

51/4 hrs @250V (max. 80 ma) TH N GEL

CAME 6.8 (35 mmorigin)
LDH (LDH B2)
AAT (SAAT-4)

AH (sAH)
| DHP (sIDHP-1, & 2)

[try GR on extra slice]

LIOHRW (45mm origin) 80 mA (max. 400v) LRB TH N GEL
run until buffer front is 1 cmfromend of gel
IDDH (IDDH1 & 2) a + C
AAT (SAAT-4)

AH_ (sAH)
SOD (ssop-1) a_+ C
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Appendix 2. Chinook variable loci and alleles.

WDF Allele Codes & Standard Rel ative Mbilities

LOCUS A B c D E F G H I J Tl SSUE
SAAT-1,2 100 85 105 (91%) M,H
SAAT-3 100 90 113 95' 71 E
SAAT-4 100 130 63 L
MAAT-1 -100 -77 -104  XX(-119)* M,H
mAAT-2° -100[-125)[-90] M,H
mAAT-3P | 00- -450 H
ADA- | 100 83 (69') 96* f£* M,E,H
ADA- 2 100 105 96' M,E,H
sAH 100 86 112° 108° 69 118 L
mAH-1 100 65 H
mAH-2P 100 88 H,E
mAH-3 100 126 74 M,H
mAH-4 100 119 112 109%(136%) M,H
CK-A1® 100 -450 M
CK-c2® 100 [105] [95] E
CK-B® 100 96 E
GAPDH-2* 100 22 H
GAPDH-3* 100 123 M,H
bGAP 100 60 L
GPl-A 100 105 93 85' M,E,H
GPI-B1® 100  xx (175) M
GPl - B2 100 60 135 24 M
GPIr 100 % M
R 100 85 110 89* mf* 71%°(115%) M,E,H
G3PDH-3> 100 112 H
HAGH 100 143 131* 65 28° M,H,L
| DDH- 1 ° 100 0 L
IDDH-2P 100 61 L
mIDHP-1P 100 147 (30) 178 M,E
mIDHP-2 100 154 50' M,E
sIDHP-1,2 100 127 74 142 50 94 (83) 129 136* 92° &% M,E,L
sIDHP-1 100 74 142 94 (83) 129 136 92" && M
sIDHP-2 100 127 142 50 (83) &&
LDH-B1? 100 (-60) E,L
LDH-B2 100 112 134 71 (56%) E,L
LDH C 100 90 84 E
sMDH-A1,2 100 120 27 -45 (160') M,H,E
sMDH-B1,2 100 121 70 83 126' 0/f* 0/s® M,H,L
mMDH-1 -100 -900 M,H
mMMDH-2 100 200 -180' M,H
SMEP-1 100 92 105 86' M,H
sMEP-2 100 {78} M,H
NMEPP 100 -75 H .
=] 100 109 95 113 103" ms*® vs® M,H,E
PEPA 100 90 86 81* XX(~111%) M,E,H
PEPB- 1 100 130 -350 (s' = old 45 or 68 ?) M,H,E,L
PEPB- 2 100 108 M,H
PEPD- 2 100 107 83* M,H
PEP- LT 100 110 (120') 88*° M,H
PGDH 100 90 85 (95%) (109%) M,E,H
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Appendix 2.' (cont.)

WDF Allele Codes & Standard Rel ative Mbilities

LOCUS A B C D E F G H I J TI SSUE
PGK- 2 100 90  74' (ms?) M,E,L
PGV 1 100 210 165" 50° M,H
PG 2 100 166 136(~145%) 63 M,H,L
PGM~-3,4> 100 96 90 108 86 ,L
$SOD-1 -100 -260 580 1260 -175*(-160%) M,H,E
ssop-2° 100 [120) H
mSOD-1 100 142 141a,d M,H
TPI-1.1" -100(-121?) M, E
TPI-1.2" -100 -400 M,E
TPI~-2.1%> 100 ([104}[106] [91] ([96] H,E,M
TPI-2.2 100 [104] [75°][96*]{102*][101"] M, E

o o T o

In o wn

hu

it

||

allele is not currently recognized in the coast-w de baseline

locus is not currently supported by the coast-w de baseline

mobility standards are necessary to distinguish the *¥108 and #*112

allele has approximtely the sane mobility as the #142 (on EBT and
LIOH RWE@ but not on TC-4) and has greatly reduced activity,
therefore the phenotypes are distinguishable (this may actually be
simply an artifact; it has not been observed since 1986!)

allele has only been seen in m xed-stock fishery sanpl es

scoring of variant & nobility of allele determned frominterl ocus
heterodi neric isozymes

all el e does not generate an isozynme of different nobility and is
only scored reliably in the honbzygous state

allele represents the absence of the GPlI A/B1 heterodi ner

this allele code not presently used

the *K allele is *66 and is from sIDHP-2; the *L allele is coded as
*#126 and is from sIDHP-1; the *Mallele is *72 (TG-4) and is from
sIDHP-1; the *N allele is approximately #*132 and is probably from
sIDHP-1.
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GENETI C ANALYSI S OF YariMA Rl VER STEELHEAD:
| NI TI AL ANALYSI S OF WTHI N BASIN GENETI C DI VERSI TY
AND COVPARI SON TO HATCHERY STEELHEAD AND RAI NBOW TROUT.

PURPCSE

The primary purpose of this work was to electrophoretically
characterize steelhead collections from the Yakim R ver and
tributaries to determne the stock structure. An additional purpose
was to conpare Yakima steel head to hatchery steel head and rai nbow
trout strains to estinmate the anount of gene flow from nonnative
gene pool s.

METHODS

W d- spawned steel head snolts were collected during outmagration in
1989 and 1990 fromsix locations in the Yakinma R ver (Table 8).
Adult broodstock were sanpled from the 1990 hatchery spawni ng at
the Yakima Hatchery and snolts were collected from N le Pond. Four
Washi ngton Departnment of WIldlife (WDW hatchery rai nbow trout
strains were also sanpled (work on wild Yakima rainbow trout is in
progress). Stocked hatchery-origin steelhead were identified by an
adiﬁose-fin clip and excluded fromthe collections. The collected
fish were frozen at ultra-low tenperatures (-80°c) and transported
to the Washi ngton Departnent of Fisheries (WDF) Cenetic Stock
| dentification Laboratory. Unfortunately, some of the snolts
collected in 1990 thawed prior to el ectrophoresis, which resulted
I n poor sanple quality and | oss of enzyme activity at several |oci.

We split the 1989 Prosser snolt collection into four conponents
based on outmgration timng to test for the presence of nultiple
st eel head stocks in the Yakima Basin (Prosser 89-1 My 3-11
Prosser 89-2 May 14-18, Prosser 89-3 May 22-30, Prosser 89-4 June
2-14). W tested for significant genotypic frequency deviations
from expected Hardy-Winberg equilibrium heterogeneity in allele
frequencies, and exam ned the conponent collections for gametic
di sequi l'i brium

Miuscl e, heart, eye and liver were dissected fromeach snolt and
placed into 12 X 75 nmtest tubes. Total |ength, weight, and 12
scales from the preferred area were taken. The snolts were
phot ographed and refrozen for storage.

El ectrophoresis foll owed the nethods of Aebersold et al. (1987).
The electrophoretic protocol, enzymes screened, and alleles
observed during this study (and other studies on rainbow trout and
steel head by WOF) are listed in Appendices 3, 4, and 5. Genetic
nonmencl ature follows the conventions of Shaklee et al. (1990).
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BIOSYS-1 (Swofford and Sel ander 1981) was used for the statistical
anal ysis of the electrophoretic data. The gametic di sequilibrium
programwas witten by Dr. Peter Snouse and adapted to the wF
conputer by Craig Busack.

Table 8.  Steelhead collections from the Yakima River and tributaries during 1989 and 1990, and WDW
rainbow trout strains.

Category Location Year/Subsample Sample Size

Wild Steelhead

Dry Cr. 1989 84
Logy Cr. 1990 77
Satus Cr. 1990 98
Wapatox 1989 158
Wapatox 1990 100
Roza 1989 54
Prosser 1989-1 77
Prosser 1989-2 60
Prosser 1989-3 87
Prosser 19894 48
Hatchery Steelhead
Yakima 1990 49
Nile Pond 1990 50
Hatchery Rainbow
Goldendale 1990 100
Spokane 1990 100
Tokul 1990 100
S. Tacoma 1990 100
Naches 1990 53

(Goldendale strain)

RESULTS

We resolved the products of 59 loci and identified genetic
variation at 42 loci during the analysis of the Yaki ma steelhead
and WDW hatchery collections (duplicate isoloci are counted as two
| oci)(Tabl e 9a-b). The average heterozygosity and percentage of
pol ynor phic loci were typical for steel head (Table 10).
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Table 9a. Allele frequencies in collections 1 through 9

e e et e S T e 0y o S Aokt o S S A i T e T D S0 S S e e e e S o

o e e et o e e i S S ot S S S S R W S e it A S Bt D A S o e B St o e G D A S A ot e e S S e S ot S e e

MAAT-1
(N)
A

ADA- |
(N)
A

ADA- 2
(N)

ADH
(N)
A

mAH-3
(N)
A

oo

°or

OO QOO

QOO

oo

. 006
. 000

84

.000
. 000
. 000

84

. 126
274
. 000

84

. 000
. 000

84

. 000

84

. 000
. 000

ocoo

O

ooo ooco

cee

78

. 000
. 000

ooo
N
ol
(2]

102
1. 000
0. 000
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Col | ecti on
4 5
49 158
0.990 0.990
0.010 0. 007
0.000 0.003
43 159
0.942 1. 000
0. 058 0. 000
48 117
0.979 0.987
0.021 0.013
48 159
0.979 0.943
0.021 0. 057
49 159
0.980 0.987
0.020 0.003
0. 000 0. 009
49 159
1. 000 0.997
0. 000 0. 000
0. 000 0.003
49 159
0.714 0.824
0.286 0.176
0. 000 0. 000
49 159
0.990 0.975
0.010 0.025
49 159
1. 000 1. 000
49 159
0.990 0.997
0.010 0.003

100
1. 000
0.000
0.000

100
0.995
0. 005

98
1. 000
0. 000

96
0.958
0.042

76
. 000
. 000
. 000

QOO

100
. 000
. 000
. 000

OO

97
. 814
. 186
. 000

[ole)e)

77
. 000
. 000

O

77
1. 000

77
. 000
. 000

O

QOO QOO

O

OpF

oceo

. 031

49

. 867
. 133

15

. 000
. 000
. 000

50

. 000
. 000
. 000
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. 750
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. 000

12

. 000
. 000

15

. 000

15

. 000
. 000

coo

cor coo

coo
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. 000
. 000

OO O

[eofele) OO [oXeole

O

O

77

. 990
. 007
. 003

77

. 987
. 013

67

. 978
. 022

77

.935
. 065

77

. 994
. 006
. 000

77

. 000
. 000
. 000

77

. 818
. 182
. 000

77

. 000
. 000

77

. 000

77

. 000
. 000




Tabl e 9a (cont.)

ALAT
(M)

oW

CK- A
(N)
A
B

CK- A2
(N)
A
B

CK-B
(N)
A

CK-C
(N)
A
B

CK-C2
(N)
A

GAPDH-3

(N)
A

GAPDH-4
(N)
A

R
(N)
A

CGPl -B
(N)

A
B

OO OO

O

o ——— . o o o T T — T oty S A e o S e S St o el St D e S S D B Sl S D S o M i S e A e T e Y e St S o S e T S e S S S

84
. 000

84
. 857
. 143
. 000
. 000

84
. 000
. 000

84
. 000
. 000

84
. 000

84
. 000
. 000

84
. 000

30
. 000

30
. 000

84
. 000

84
. 000
. 000

cocoo

78

. 000

78

. 872

128

. 000
. 000

78

. 000
. 000

78

. 000
. 000

78

. 000

18

. 000
. 000

18

. 000

78

. 000

78

. 000

78

. 000

78

. 000
. 000

102
1. 000

101
0. 896
0.104
0. 000
0. 000

102
1. 000
0. 000

102
0.985
0.015

102
1. 000

102
1. 000
0. 000

102
1. 000

102
1. 000

102
1. 000

102
1. 000

102
1. 000
0. 000

Col | ection
4 5
49 159
1. 000 1. 000
31 153
1. 000 1. 000
47 159
0. 840 0.912
0. 149 0. 069
0. 000 0.013
0.011 0. 006
48 159
0. 990 1. 000
0.010 0. 000
49 159
1.000 1. 000
0. 000 0. 000
46 159
1. 000 1. 000
32 159
1.000 0. 997
0. 000 0. 003
34 159
1.000 1. 000
16 96
1. 000 1. 000
34 96
1. 000 1. 000
49 159
1. 000 1. 000
49 159
1. 000 1.000
0. 000 0. 000

49

100
1. 000

99
0.929
0.061
0.010
0. 000

100
1. 000
0. 000

100
1. 000
0. 000

100
1. 000

93
0.989
0.011

77
1. 000

100
1. 000

100
1. 000

100
1. 000

100
1. 000
0. 000

cooo

15

. 000

50

. 000

44

989
011
000
000

50

. 000
. 000

50

. 000
. 000

50

. 000

50

. 990
.010

50

. 000

50

. 000

50

.000

50

. 000

50

. 000
. 000

[eololoXe]

O

54

. 000

54

. 000

54

. 935
. 056
. 000
. 009

94

. 991
. 009

54

. 000
. 000

54

.000

54

.991
. 009

54

. 000
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. 000
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.000

54

. 000

54

. 991
. 009

77
1. 000

65
1. 000

76
0.895
0. 099
0. 007
0. 000

77
1. 000
0. 000

77
1. 000
0. 000

17
1. 000

67
0.985
0.015

67
1. 000

77
1. 000

77
1.000

77
1. 000

77
1. 000
0. 000




Table 9a (cont.)

G3PDH-1
(N)

A
B

G3PDH-2
(N)
A

HAGH
(N)
A

| DDH- 1
(N)
A
B
C

| DDH- 2
(N)
A
B

O

mIDHP-1
(W)
A
B

mIDHP-2
(N)
A
B
C

OO

eor

. 000

84

. 000
. 000

84

. 000

84

. 000

84

. 000
. 000
. 000

84

. 988
. 012
. 000

84

. 000
. 000

84

. 988
. 012
. 000

oor

orF

OO

OO

oo
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. 000

78

. 000
. 000
. 000

78

. 994
. 006
. 000

77

.000
. 000

78

. 994
. 006
. 000

102
1. 000
0. 000
0. 000

102
1. 000
0. 000
0. 000

102
1. 000
0. 000
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1. 000

102
1. 000

95
. 000
. 000
. 000

OO

96
. 000
. 000
. 000

OO

94
. 000
. 000

O

102
0. 980
0. 020
0. 000

Col | ecti on
4 5 6
49 159 100
1. 000 1. 000 0.995
0. 000 0. 000 0. 000
0. 000 0. 000 0. 005
49 159 100
1. 000 0.987 0.985
0. 000 0. 009 0. 005
0. 000 0. 003 0.010
49 159 100
1. 000 0. 997 0.995
0. 000 0. 003 0. 005
49 159 100
1. 000 1. 000 1. 000
49 159 100
1.000 1.000 1. 000
30 111 96
1. 000 1. 000 1. 000
0. 000 0. 000 0. 000
0. 000 0. 000 0. 000
30 153 96
0.983 0.984 1. 000
0.017 0. 000 0. 000
0. 000 0.016 0. 000
49 159 99
1.000 0.994 0.995
0. 000 0. 006 0. 005
49 159 100
0. 969 0. 950 0.990
0.031 0. 047 0.010
0. 000 0. 003 0. 000

50

47
1. 000
0. 000
0. 000

47
1. 000
0. 000
0. 000

50
1. 000
0. 000

50
0. 990
0.010
0. 000

OO

OO

[olefe)]
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oo
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54
. 981
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. 008
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. 934
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Tabl e 9a (cont.)

o L e o e S o A . s . o S g ik e A o RS s it T Y S S o S P A . s S A ey S At o B T i S S S e S e . P S T o St S S e

Col | ection
Locus 1 2 3 4 5 6 7 8 9
sIDHP-1,2
(N) 84 78 101 49 159 100 50 54 77
A 0. 550 0. 561 0.576 0.536 0.599 0. 570 0. 565 0. 680 0.614
B 0.223 0. 180 0.228 0. 260 0.223 0. 220 0. 245 0. 162 0.214
C 0. 000 0.003 0. 008 0. 000 0. 009 0.003 0. 000 0. 000 0. 007
D 0.193 0.211 0.174 0.178 0. 152 0. 200 0.185 0.129 0. 159
E 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
F 0. 006 0.003 0.010 0. 000 0. 003 0. 000 0. 000 0. 005 0. 000
G 0.015 0.038 0. 005 0. 020 0. 009 0. 008 0. 005 0.018 0.003
H 0. 009 0.003 0. 000 0. 005 0. 002 0. 000 0. 000 0. 005 0. 003
I 0.003 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
J 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
K 0. 000 0. 000 0. 000 0. 000 0. 002 0. 000 0. 000 0. 000 0. 000
LDH- Al
(N) 84 78 102 48 159 100 50 54 77
A 1. 000 1.000 1.000 1. 000 1. 000 1. 000 1.000 0.991 0.994
B 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 009 0. 006
LDH- A2
(N) 84 78 102 49 159 100 50 54 77
A 1. 000 1.000 1. 000 1. 000 1. 000 1. 000 1.000 1. 000 1. 000
LDH-B1
(N) 84 78 102 49 159 100 50 54 77
A 1.000 1.000 1. 000 1. 000 1. 000 1. 000 1.000 1.000 1. 000
LDH- B2
(N) 84 78 102 49 159 100 50 54 77
A 0.554 0.526 0. 637 0. 653 0.519 0.515 0. 590 0.602 0.623
B 0. 440 0. 474 0. 358 0. 347 0. 481 0. 485 0. 400 0. 398 0. 377
C 0. 006 0. 000 0. 005 0. 000 0. 000 0. 000 0.010 0. 000 0. 000
LDH C
(N) 84 78 102 48 159 100 50 54 77
A 1.000 1.000 1.000 0.979 0. 997 0.995 1.000 0.981 0.981
B 0. 000 0. 000 0. 000 0.021 0. 003 0. 005 0. 000 0.019 0.019
sMDH~-A1, 2
(N) 84 78 102 49 159 100 50 54 77
A 0.997 0.993 0.997 0.995 0. 997 0.995 1.000 0.995 0.990
B 0. 003 0. 007 0. 003 0. 005 0. 003 0. 005 0. 000 0. 005 0. 007
C 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 003
sMDH-B1,2
(N) 84 77 102 49 159 100 49 53 77
A 0.994 0.993 0. 990 0.974 0.984 0.992 0. 980 0.944 0.968
B 0. 003 0. 000 0. 000 0.010 0. 002 0. 000 0. 005 0. 000 0.003
C 0. 000 0. 000 0. 000 0. 000 0. 002 0. 000 0. 000 0. 000 0. 009
D 0. 003 0. 000 0. 000 0. 015 0.011 0.008 0.010 0.033 0.016
E 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 047 0. 000
F 0. 000 0.013 0.020 0. 000 0. 000 0. 000 0.010 0. 000 0. 000
G 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
H 0. 000 0. 000 0. 000 0. 000 0.003 0. 000 0. 000 0. 000 0. 000
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Tabl e 9a (cont.)

o0 w>
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57

. 930
. 070
. 000

78

. 000
. 000
. 000

78

. 000

78
590
410

. 000
. 000

74
1. 000
0. 000

68
1. 000
0. 000

102
1. 000
0. 000
0. 000
0. 000

102
0. 907
0. 093
0. 000

1. 000
0. 000

100
. 835
. 165
. 000

OO

30
. 000
. 000
. 000

OO

102
1.000

102
0.569
0.422
0.010
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Col | ecti on
4 5 6 7
49 159 99 37
1. 000 0. 987 1. 000 1. 000
0. 000 0.013 0. 000 0. 000
49 159 99 37
1. 000 0. 997 0.990 1. 000
0. 000 0. 003 0.010 0. 000
49 159 33 15
1. 000 0.991 1. 000 1. 000
0. 000 0. 000 0. 000 0. 000
0. 000 0. 000 0. 000 0. 000
0. 000 0. 009 0. 000 0. 000
46 159 100 50
0. 826 0.928 0. 895 0. 870
0.174 0. 069 0.105 0.130
0. 000 0. 003 0. 000 0. 000
49 159 24 41
1. 000 1.000 1. 000 1. 000
0. 000 0. 000 0. 000 0. 000
47 159 70 6
0. 851 0.937 0. 986 1. 000
0. 149 0. 063 0.014 0. 000
0. 000 0. 000 0. 000 0. 000
49 159 61 50
1. 000 1.000 0. 967 1. 000
0. 000 0. 000 0. 000 0. 000
0. 000 0. 000 0.033 0. 000
49 159 100 50
1. 000 1. 000 1. 000 1.000
48 159 100 44
0. 542 0. 497 0. 465 0. 375
0. 427 0.472 0. 480 0.614
0.021 0.028 0.035 0. 000
0.010 0. 003 0. 020 0.011

OO O

OO

OO

OO

cooo
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. 019
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- 000

54
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037
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o

o
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OO
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. 000

76

. 000
. 000

67
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. 000
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. 015

77

. 870
. 130
. 000

77

.000
. 000

75

. 887
. 113
. 000

77

. 987
. 006
. 006

77

. 000

77

623
344
026

. 006




Tabl e 9a (cont.)

—— - e P Bt (o e i > e S it T e D S T S T . e P W S R A W S o o e oy Sl S S et o e e P B . e P i S G St i e o b

Col | ection

Locus 1 2 3 4 5 6 7 8 9
PG 2

(N) 84 78 102 49 159 100 50 54 77

A 1.000 1. 000 1. 000 1.000 0.978 0.985 0. 950 0.981 0.987

B 0. 000 0. 000 0. 000 0. 000 0.016 0.015 0. 050 0.019 0. 006

C 0. 000 0. 000 0. 000 0. 000 0. 006 0. 000 0. 000 0. 000 0. 006
PNP

(N) 84 78 102 49 159 100 50 54 77

A 1.000 1.000 1. 000 1. 000 1. 000 1. 000 1.000 1.000 1. 000
sSOD-1

(N) 84 78 102 49 159 92 50 54 76

A 0.964 0. 833 0.877 0. 857 0. 808 0. 815 0. 850 0.935 0.928

B 0. 006 0. 006 0. 020 0.031 0. 085 0. 060 0.030 0.028 0. 020

C 0. 030 0. 160 0.103 0.112 0.107 0.125 0.120 0.037 0. 053
sSOD~2

(N) 55 18 75 49 149 1 10 13 23

A 1.000 1. 000 1.000 1. 000 1. 000 1. 000 1.000 1. 000 1. 000
TPI -1

(N) 84 78 102 49 159 100 50 54 77

A 1.000 1.000 1. 000 1.000 1.000 1. 000 1.000 1.000 1. 000
TPI -2

(N) 84 78 102 49 159 100 50 54 77

A 1.000 1.000 1. 000 1. 000 1.000 1. 000 1.000 1. 000 1.000
TPI -4

(N) 84 71 102 49 159 76 15 54 77

A 0. 899 0. 915 0. 824 0. 867 0.981 0. 961 0.933 0.944 0. 955

B 0.101 0. 085 0.176 0.133 0.019 0. 039 0. 067 0. 056 0. 045
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Table 9b. Allele frequencies'in populations 10 through 17

Col | ection

LocUs 10 11 12 13 14 15 16 17
SAAT-1,2

(N) 60 87 48 100 100 100 100 53

A 0.991 0.997 0.995 1.000 1.000 1.000  1.000  1.000

B 0008 0.003 0005 0000 0.000 0.000 0.000 0 000

C 0,000 0000 0.000 0000 0000 0000 0000 0 000
sAAT-3

() 60 87 48 100 100 100 100 53

A 0.983 0.994 0.990 1.000 1.000 1.000  1.000  1.000

B 0017 0.006 0010 0000 0.000 0.000 0000 0 000
mAAT-1

(N) 60 87 26 98 100 100 100 53

A 0.983 0.994 0.981 0.990 0.960 1.000  0.920  1.000

B 0017 0006 0019 0.010 0.040 0000  0.080 0. 000
ADA- |

(N) 60 87 48 68 30 80 95 53

A 0.850 0.914 0.865 0.206 0.500 0.344  0.158  0.236

B 0150 0.086 0.135 0. 794 0.500 0.656  0.842 0 764
ADA- 2 .

() 60 87 a8 100 100 100 100 37

A 0.983 0.983 0.990 1.000 1.000 1.000  1.000  1.000

B 0.017 0.006 0000 0000 0.000 0.000 0.000 0 000

C 00000 0.011 0010 0000 0.000 0.000  0.000 0 000
ADH

(N) 60 86 48 100 100 100 100 53

A 1.000 1.000 0.990 1.000 1.000 1.000  1.000  1.000

B 0,000 0.000 0010 0000 0.000 0.000 0.000 0 000

C 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0 000
SAH

(N) 60 87 48 100 100 100 100 53

A 0.833 0.793 0.833 1.000 1.000 1.000  0.905 1.000

B 0.158 0.201 0.167 0000 0.000 0.000  0.095 0 000

C 0.008 0.006 0.000 0000 0.000 0.000 0.000 0 000
mAH-1

(N) 60 87 48 100 98 100 100 29

A 1,000 1.000 0.979 1.000 0.980  1.000  1.000  1.000

B 0,000 0000 0021 0000 0020 0000 0000 0 000
mAH-2

(N) 59 87 48 100 100 100 100 37

A 1000 1.000 1.000 1.000 1.000 1.000  1.000  1.000
mAH-3

(N) 59 87 48 100 100 100 100 37

A 1000 1.000 1.000 0.995 1.000 0.965  1.000  1.000

B 0,000 0.000 0000 0.005 0000 0035 0000 0 000
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Table 9b (cont.)
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Col | ection

Locus 10 11 12 13 14 15 16 I;——_
nl AH4

(N) 59 87 48 100 100 100 100 37

A 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
AK

(N) 23 87 36 65 100 100 100 53

A 1. 000 1. 000 1. 000 1.000 1. 000 1. 000 1. 000 1. 000
ALAT

(N) 60 87 48 100 100 100 100 53

A 0.933 0.920 0. 927 1. 000 1. 000 0.990 1. 000 1. 000

B 0. 058 0. 080 0. 062 0. 000 0. 000 0. 000 0. 000 0. 000

C 0. 000 0. 000 0.010 0. 000 0. 000 0.010 0. 000 0. 000

D 0. 008 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
CK- Al

(N) 60 87 48 99 99 100 100 53

A 0. 950 1. 000 0.979 0.939 0. 889 0. 750 1. 000 0. 953

B 0. 050 0. 000 0.021 0. 061 0.111 0. 250 0. 000 0. 047
CK- A2

(N) 60 87 48 100 100 100 100 53

A 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1.000 1. 000

B 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
CK-B

(N) 60 87 48 100 100 100 100 53

A 1. 000 1. 000 1. 000 1. 000 1.000 1. 000 1.000 1. 000
CK-C

(N) 41 29 48 100 100 100 97 53

A 1. 000 0.983 0. 969 1. 000 1. 000 1. 000 0. 686 1. 000

B 0. 000 0.017 0.031 0. 000 0. 000 0. 000 0.314 0. 000
CK-C2

(N) 41 29 48 100 100 100 100 47

A 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
GAPDH- 3

(N) 57 87 48 100 100 100 100 53

A 1. 000 1.000 1. 000 1. 000 1.000 1. 000 1.000 1. 000
GAPDH- 4

(N) 57 87 48 100 100 100 99 53

A 1. 000 1. 000 1. 000 1. 000 1.000 1. 000 1. 000 1. 000
GR

(N) 60 87 48 100 100 100 100 53

A 1. 000 1. 000 1. 000 1. 000 1.000 1. 000 1.000 1. 000
GPl-B

(N) 60 87 48 100 100 100 100 53

A 1. 000 0. 989 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000

B 0. 000 0.011 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
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Tabl e 9b (cont.)

Col | ection
Locus 10 11 12 13 14 15 16 17
Pl - B2
(N) 60 87 48 100 100 100 100 53
A 1.000 0.994 1.000 1.000 1.000 1.000  1.000 0.981
B 0800 0.006 0.000 0.000 0.000 0.000 0.000 0 010
C 0,000 0.000 0.000 0.000 0.000 0.000 0000 0. 000
GPI-A _
(N) 60 87 48 100 100 100 100 53
A 1.000 1.000 0.979 1.000 1.000 1.000  1.000  1.000
B 0,000 0.000 0010 0.000 0.000 0.000  0.000 0. 000
C 0,000 0.000 0.010 0.000 0.000 0.000 0000 0. 000
G3PDH-1
(N) 60 87 48 100 100 100 100 53
A 0.992 1.000 0.979 1.000 0.960 1.000  1.000  1.000
B 0008 0.000 0021 0.000 0.040 0.000 0.000 0.000
G3PDH-2
(M) 60 87 48 100 100 100 100 53
A 1,000 1.000 1.000 1.000 1.000 1.000  1.000  1.000
HAGH
(N) 60 87 47 100 100 100 100 53
A 1000 1.000 1.000 1.000 1.000 1.000  1.000  1.000
| DDH 1
(N) 23 87 14 99 100 100 100 29
A 1.000 0.994 1.000 0.763 0.945 1.000  1.000 ©0.862
B 0,000 0.000 0.000 0237 0.055 0.000 0000 0 121
C 0000 0.006 0000 0000 0.000 0000 0.000 0.017
| DDH- 2
(N) 23 87 36 100 100 100 100 47
A 0.978 0.983 0.972 0.925 1.000 1.000  1.000  1.000
B 0022 0.017 0028 0000 0.000 0.000 0.000 0 000
C 0.000 0000 0000 0.075 0000 0000 0000 0. 000
mIDHP-1
(N) 60 87 48 100 100 100 100 53
A 0.992 1.000 0.990 1.000 1.000 1.000  1.000  1.000
B 0.008 0000 0010 0.000 0000 0000 0000 0 000
mIDHP~2
(N) 60 87 48 08 100 100 100 53
A 0.900 0.948 0.865 0.628 0.870 0.360  0.765 0.651
B 0.100 0052 0135 0.372 0.130 0.640  0.235 0. 349
C 0.000 0000 0000 0.000 0.000 0000 0.000 0. 000
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Tabl e 9b (cont.)
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Col | ection
LOCUS 10 11 12 13 14 15 16 17
sIDHP-1,2
(N) 60 87 48 100 100 91 65 52
A 0.629 0.597 0.630 0.847 0.512 0.805 0.523 0.856
B 0.171 0.198 0.198 0.127 0.327 0.063 0.323 0.120
C 0.000 0.008 0.000 0.000 0.020 0.000 0.031 0.000
D 0.179 0.178 0.136 0.025 0.042 0.132 0.123 0.024
E 0. 000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
F 0. 000 0.003 0.005 0.000 0.098 0.000 0.000 0.000
G 0.016 0.011 0.026 0.000 0.000 0.000 0.000 0.000
H 0.004 0. 000 0.000 0.000 0.000 0.000 0.000 0.000
[ 0.000 0. 000 0.000 0.000 0.000 0.000 0.000 0.000
J 0.000 0. 000 0.000 0.000 0.000 0.000 0.000 0.000
K 0.000 0.003 0.005 0.000 0.000 0.000 0.000 0.000
LDH Al
(N) 60 87 48 99 99 100 100 53
A 1.000 1.000 1.000 1.000 0.975 1.000 1.000 1.000
B 0.000 0.000 0.000 0.000 0.025 0.000 0.000 0. 000
LDH A2
(N) 60 87 48 99 99 100 100 53
A 1.000 1.000 1.000 1. 000 1.000 1.000 1.000 1.000
LDH-B1
(N) 60 87 48 100 100 100 100 53
A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
LDH B2
(N) 60 87 48 100 100 100 100 53
A 0.558 0.621 0.687 1. 000 1.000 1.000 1. 000 1.000
B 0.442 0.379 0.312 0.000 o0.000 0.000 0.000 o0.000
C 0.000 0.000 0.000 0. 000 0.000 0. 000 0. 000 0.000
LDH C
(N) 60 87 48 100 100 100 100 53
A 0.958 0.977 0.969 0. 900 0.840 0.750 0.820 0.953
B 0.042 0.023 0.031 0. 100 0.160 0.250 0.180 0.047
sMDH-21, 2
(N) 60 87 48 100 100 100 100 53
A 1.000 0.994 1.000 1. 000 1.000 1. 000 1.000 1.000
B 0. 000 0.000 0.000 0. 000 0.000 0. 000 0. 000 0.000
C 0. 000 0.006 0.000 0. 000 0.000 0. 000 0. 000 0.000
sMDH-B1,2
(N) 60 87 48 100 100 100 100 53
A 0.925 0.977 0.974 0.710 0.805 0.802 0.862 0.717
B 0.004 0.003 0.000 0.012 0.000 0.000 0.000 0.000
C 0.000 0.003 0.000 0. 000 0.000 0.000 0.000 0.000
D 0.054 0.008 0.021 0.277 0.195 0.197 0.137 0.278
E 0.025 0.011 0.010 0.000 0. 000 0.000 0.000 0.000
F 0. 000 0.006 0. 000 0.000 0. 000 0.000 0.000 0.000
G 0.008 0.000 0. 000 0.000 0. 000 0.000 0.000 0.000
H 0. 000 0.000 0. 000 0.000 0. 000 0.000 0.000 0.009
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Tabl e sb (cont.)
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Col | ection
Locus 10 11 12 13 14 15 16 17
mMDH~-2
(N) 60 87 48 99 96 100 100 39
A 0.992 0.989 0.979 0.894 0. 937 0.915 1. 000 0.974
B 0. 008 0.011 0.021 0. 106 0. 062 0. 085 0. 000 0. 026
mMDH-3
(N) 60 87 48 99 98 100 100 42
A 0.992 0.994 0. 969 0. 828 1. 000 1. 000 1. 000 0. 869
B 0. 008 0. 006 0.031 0.172 0. 000 0. 000 0. 000 0.131
mMEP-1
(N) 53 62 48 100 100 100 100 37
A 1.000 0.992 0.979 1. 000 0. 960 1.000 1.000 1. 000
B 0. 000 0. 000 0.010 0. 000 0. 000 0. 000 0. 000 0. 000
C 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
D 0. 000 0. 008 0.010 0. 000 0. 040 0. 000 0. 000 0. 000
MP
(N) 60 87 48 100 100 100 100 53
A 0. 900 0. 897 0. 896 1. 000 1. 000 1. 000 1. 000 1.000
B 0. 100 0. 103 0.104 0. 000 0. 000 0. 000 0. 000 0. 000
C 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
PEP- LT
(N) 60 87 48 100 100 96 96 53
A 0.992 1. 000 1. 000 1. 000 1. 000 1. 000 0.984 1. 000
B 0. 008 0. 000 0. 000 0. 000 0. 000 0. 000 0.016 0. 000
PEPA
(N) 60 87 - 48 100 100 100 100 3.
A 0. 833 0.874 0.885 0. 950 1.000 1. 000 0.970 1. 000
B 0.167 0.126 0.115 0. 050 0. 000 0. 000 0.030 0. 000
C 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
PEPD
(N) 60 87 48 100 100 100 100 53
A 0.975 0. 989 0. 990 1. 000 1. 000 1. 000 1. 000 1.000
B 0.025 0.011 0. 010 0. 000 0. 000 0. 000 0. 000 0. 000
C 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
PGDH
(N) 60 87 48 100 100 100 100 53
A 1.000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1.000
PCK- 2
(N) 60 87 47 100 100 100 100 53
A 0.575 0.592 0. 596 0. 415 0. 315 0. 200 0. 350 0.472
B 0. 400 0. 356 0.394 0. 555 0. 680 0. 800 0. 650 0.519
C 0. 008 0.034 0.011 0. 005 0. 000 0. 000 0. 000 0. 000
D 0.017 0.017 0. 000 0. 025 0. 005 0. 000 0. 000 0. 009
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Tabl e 9b (cont.)
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Col | ection

Locus 10 11 12 13 14 15 16 17
PGMW 2

(N) 60 87 48 100 100 100 100 53

A 0.983 0.994 0. 969 1. 000 0. 855 1. 000 0. 615 1. 000

B 0. 000 0. 006 0.021 0. 000 0. 145 0. 000 0. 385 0. 000

C 0.017 0. 000 0.010 0. 000 0. 000 0. 000 0. 000 0. 000
PNP

(N) 60 87 48 100 100 100 100 53

A 1. 000 1.000 1. 000 1. 000 1. 000 1.000 1.000 1.000
sSoOD-1

(N) 60 87 48 100 100 100 100 51

A 0. 842 0.914 0.875 0. 640 0. 860 0.930 0. 850 0. 696

B 0.117 0. 046 0. 052 0. 360 0. 140 0. 070 0. 150 0. 304

C 0. 042 0. 040 0.073 0. 000 0. 000 0. 000 0. 000 0. 000
sSOD-2

(N) 41 9 35 100 100 82 100 1

A 1. 000 1.000 1. 000 1.000 1.000 1. 000 1.000 1. 000
TPI -1

(N) 60 87 48 100 100 100 100 53

A 1. 000 1. 000 1. 000 1. 000 1.000 1.000 1.000 1. 000
TPl - 2

(N) 60 87 48 100 100 100 100 53

A 1. 000 1. 000 1. 000 1. 000 1.000 1. 000 1. 000 1. 000
TPI -4

(N) 60 87 48 100 100 100 100 37

A 0. 908 0.983 0.937 1. 000 1.000 1. 000 1.000 1. 000

B 0.092 0.017 0. 062 0. 000 0. 000 0. 000 0. 000 0. 000
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Table 10.

Average heterozygosity and percentage of loci polymorphic based on 59 loci.

Mean Heterozygosity
Mean Sample Mean Percentage

Size per Alleles of Loci Direct- Hdywb
Collection Locus per Locus Polymorphic * Count Exp. **
1. Dry Cr. 89 8.7 . 1.5 3.9 0.055 0.057
(1.9 (0.1) (0.017) (0.018)

2. Logy Cr. 90 74.0 1.4 30.5 0.056 0.057
(1.8) (0.1 (0.018) (0.018)

3. Satus Cr. 90 9.1 1.4 32.2 0.062 0.060
(2.7) (0.1) (0.019) (0.018)

4. Yakima Hat. 90 46.3 1.5 39.0 0.069 0.067
(0.9) (0.1) (0.020) (0.018)

5. Wapatox 89 154.9 1.9 50.8 0.059 0.058
(1.8) (0.2) (0.018) (0.018)

6. Wapatox 90 91.4 1.5 40.7 0.052 0.053
(2.5) (0.1) (0.018) (0.018)

7. Nile Pond 90 43.3 14 27.1 0.054 0.054
(1.7) (0.1) (0.018) (0.017)

8. Roza 89 52.9 1.6 44.1 0.061 0.065
(0.7) (0.1) (0.018) (0.018)

9. Prosser 89-1 74.5 1.7 44 1 0.061 0.060
(1.0 (0.1) (0.018) (0.017)

10. Prosser 89-2 56.9 1.6 45.8 0.060 0.072
(1.2) (0.1) (0.016) (0.019)

11. Prosser 89-3 83.3 1.7 47.5 0.056 0.058
(1.9 (0.1) (0.017) (0.018)

12. Prosser 89-4 46.4 1.7 50.8 0.060 0.069
(0.8) (0.1) (0.016) (0.017)

13. Goldendale 90 99.2 14 27.1 0.072 0.076
(0.6) (0.1) (0.020) (0.021)

14. Spokane 90 99.8 14 30.5 0.068 0.068
(0.1) (©.1) (0.019) (0.019)

15. Tokul 90 99.3 1.2 18.6 0.058 0.060
0.9 (0.1) (0.019) (0.020)

16. S. Tacoma 90 98.7 1.3 25.4 0.067 0.068
(0.8) 0.1) (0.019) (0.019)

17. Naches Hat. 90 48.7 1.3 22.0 0.060 0.060
(1.2) (0.1) (0.020) (0.019)

* A locus is considered polymorphic if more than one allele was detected

** Unbiased estimate (Nei 1978)

——_
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Genetic differences within collections

The nonduplicated loci were tested for agreement to Hardy-Winberg
equi l i brium expectations (duplicated isoloci cannot be tested
because we cannot tell how the genetic variation is partitioned
anong the two loci) (Table 11). Qut of the 83 total tests in the
non Prosser wild steel head, all but five loci were in agreenent.
This is simlar to what is expected due to chance with significance
at the p = 0.05 level. In contrast, eleven loci in three of the
four Prosser collections (nunbers 2-4) had a deficit of
heterozygotes--an i ndication of multiple stocks contributingtothe

collections. No differences were found in the first Prosser
collection (89-1).

Table 11. Significant deviations of genotype counts from Hardy-Weinberg equilibrium expectations within
Yakima steelhead collections and four rainbow trout strains.

Collection Loci Reason

Wild steelhead

Dry Creek 90 _hone

Satus Creek 90 none

Logy Creek 90 none

Wapatox 89 ADA-1 deficit of heterozygotes
ADA-2*, MPI* rare genotype

Wapatox 90 PGM-2* rare genotype

Roza 89 mIDHP-2* deficit of heterozygotes

Prosser 89-1 none

Prosser 89-2

Prosser 89-3

Prosser 89-4

Hatchery Steelhead

ADA-L, % CKSAD®,
miDHP-2*, LDH-B2*

ADA-2*

ADA-1 *, PGK-2*
|DDH-2*,
LDH-B2* PEPA*
CK-Al*

deficit of heterozygotes
rare genotype
deficit of heterozygotes
rare genotype
deficit of heterozygotes
rare genotype

Yak. Hat. 90 siDHP-2* excess of heterozygotes
Nile Pond 90 S0D-1 deficit of heterozygotes
Hatchery Rainbow
Goldendale 90 ADA-1 _* possible nongenetic variation
Spokane 90 ADA-I possible nongenetic variation
South Tacoma 90 ADA-1 possible nongenetic variation
Tokul Cr. 90 ADA-1 . possible nongenetic variation
mAH-3* rare genotype
Naches IDDH-1* deficit of heterozygotes
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Genotype frequencies at the |locus ADA-|* did not conformto the
expected Hardy-Weinberg proportions in all four hatchery rainbow
trout strains, although this locus in the Col dendal e at Naches
collection was in agreenment. But, no *104, *105 and *113 alleles
were observed in the Naches collection, whereas these alleles were
common in the other rainbow trout collections. Therefore, the *104,
*3105, and *113 alleles may not represent real genetic variation
(Al'so see Kobayashi et al. 1984). Cenotypes wth these alleles
were zeroed for the genetic distance conparisons.

W also tested the four Prosser collections for departures from

gametic  equilibrium Gametic disequilibrium is nonrandom
associations of alleles and is an indication of nmultiple
reproductive groups in a collection. Signi ficant gametic

di sequi li brium was observed in two of the four collections
(Prosser89-1, Lambda=74.6, 45df, p<0.0l1; Prosser89-2, Lambda=107.8,
45df, p<0.001; Prosser89-3, Lambda=48.3, 45d4f, 'not significant;
Prosser89-4, Lambda=57.5, 454f, not significant).

Genetic differences anong collections

Two genetic di stance neasures (Nei's unbi ased and Cavalli- Sforza
and Edwards' chord distance) based on 59 loci were cal cul ated
(Table 12) and the latter nmeasure was used to build a dendrogram
(unwei ghted pair group nethod) to visualize genetic relationships

(Fig.5).
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Table 12. CGenetic distance measwres Bel ow di agonal : Nei (1978) unbiased genetic
distance. Above diagonal: Cavalli-Sforza & Edwards (1967) chord
di st ance.
Col [ ection 1 2 3 4 7 8
1 Dy . 89 xx%xx%x 0.046 0.044 0.044 0.060 0.062 0.072 0.063
2 Logy Cr. 90 0.000 ***** (0,043 0.052 0.059 0.058 0.064 0.072
3 satus Cr. 90 0.000 0.001 =***** (0 046 0.060 0.063 0.068 0.068
4 Yakima Hat. 90 0.000 0.000 0.000 =***** 0,059 0.060 0.069 0.063
5 Wapat ox 89 0.001 0.001 0.001 0.001 =***** (0.045 0.058 0.056
6 Wapatox 90 0.001 0.000 0.001 0.001 0.000 *=****x 0 047 0.066
7 Nile Pond 90 0.002 0.001 0.002 0.001 0.001 0.000 *=**** 0 073
8 Roza 89 0.001 0.002 0.001 0.002 0.001 0.002 0.002 F*x*x*
9 pProsser 89-1 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.000
10 Prosser 89-2 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.000
11 Prosser 89-3 0.000 0.001 0.001 0.001 0.000 0.001 0.001 0.000
12 Prosser 89-4 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.000
13 Col dendal e 90 0.034 0.033 0.031 0.031 0.028 0.030 0.027 0.023
14 Spokane 90 0.017 0.018 0.016 0.015 0.014 0.015 0.012 0.013
15 Tokul 90 0.032 0.032 0.030 0.030 0.027 0.029 0.025 0.022
16 S Tacoma 90 0.027 0.028 0.026 0.025 0.023 0.024 0.019 0.022
17 Naches Hat. 90 0.030 0.030 0.028 0.028 0.025 0.027 0.024 0.020
col [ ection 9 10 11 12 13 14 15 16 17
1 Dy C. 89 0.050 0.068 0.054 0.070 0.181 0.156 0.174 0.164 0.174
2 Logy Cr. 90 0.060 0.075 0.060 0.075 0.186 0.161 0.177 0.168 0.178
3 satus Cr. 90 0.054 0.073 0.059 0.073 0.180 0.155 0.174 0.162 0.173
4 Yakima Hat. 90 0.050 0.059 0.056 0.066 0.174 0.151 0.167 0.158 0.169
5 Wapatox 89 0.045 0.062 0.047 0.052 0.157 0.134 0.153 0.143 0.151
6 Wapat ox 90 0.053 0.069 0.054 0.063 0.167 0.144 0.160 0.149 0.157
7 Nile Pond 90 0.064 0.076 0.064 0.071 0.164 0.133 0.155 0.135 0.153
8 Roza 89 0.049 0.051 0.049 0.050 0.151 0.136 0.143 0.140 0.144
9 Prosser 89-1 xxxxx (0,056 0.039 0.054 0.159 0.138 0.152 0.141 0.151
10 Prosser 89-2 0.000 ***** (0 052 0.050 0.142 0.134 0.138 0.142 0.137
11 Prosser 89-3 0.000 0.000 =***** (0,049 0.155 0.136 0.151 0.139 0.148
12 Prosser 89-4 0.000 0.000 O0.000 =***=*+ .0.145 0.126 0.139 0.133 0.138
13 Col dendale 90 0.027 0.022 0.027 0.022 ***** 0,109 0.092 0.129 0.045
14 Spokane 90 0.014 0.012 0.014 0.011 0.011 =***** 0,106 0.096 0.103
15 Tokul 90 0.026 0.022 0.026 0.021 0.008 0.012 =***** (0,124 0.084
16 s Tacoma 90 0.023 0.021 0.022 0.019 0.014 0.006 0.015 =***xx* (g 122
17 Naches Hat. 90 0.023 0.020 0.024 0.019 0.000 O0.010 0.007 0.013 *#**=*x

|
1
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Di st ance

*xkkkkxkkkkk** Dry Cr. 89

kkkkkkkkkkxkkx* Yakima Hat. 90
* % % % % %

***************

kkkkkkkkkkkkx* Satus Cr. 90

IRA AR KRKIKAR KRR IA A IR Rk Akkkkokdd kkdkkkhddkhdhhkdhkk Wapatox 89
*  kkkok

kkkk  kkxkXxkxkkk*k** Wapatox 90
kk *

*k kkkkkkkkxkkkkkxx*x Nile Pond 90
* %

* % kkkkkkkkkkkkk*k*x* roza 89
* Kk

*

%*

*

*

*

*

*

* * k% kkkkkkkkkkxk* Prosser 89-1
* * hhkkkk

* *kk kkkkxkkkkkkkxkxk* Prosgser 89-3
* *

* *kkxkkkkkkkkkkk** Proggser 89-2
* * %

*

*

*

*

*

*

*

khkkkkkkkkkhkkkx*k*x Progser 89-~4

*xkkkkxkkxxkkkx*x Goldendale 90
khkkhkkkhkhkkkkx

kkkkkhkkkhx kkkkkkxhkkkkkk** Naches Hat. 90
* *

xhkhkhkkhkhkkkk khkkkkkhhhhhkkhxkkhkkkkhkhkkkkx Tokul 90
*

* *kXkkxX IR ARR KXk R Kk A *kkkkxkx** Spokane 90
KRhkkkkkih

khkhhkkhkkhhkhkhkkkkhkkkxxxkkkkkxxkx*x S Tacoma 90

Fig.5. Dendrogram of genetic distances (Cavalli-Sforza & Edwards (1967) chord
di stance).

Het erogeneity chi-square tests were perforned to identify
reproductive i solation anong collections at sone | ocations (Tables
13a-d). Significant heterogeneity was observed (p<0.00001) anong
satus O ., Dri/ Cr., and Logy Cr. collections tested as a group.
The Wapatox 1989 and 1990 coll ections were also different (p<
0.022). Yakima Hatchery adults were different from Nile Pond snolts
(p<0.003). significant changes in allele frequencies were also
evident In the tenporal collections at Prosser (p<0.028).
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Table 13a. Heterogeneity chi-square: Satus . XDy C. X Logy Cr.

NO. OF

Locus? ALLELES CHI - SQUARE D. F. P

SAAT-1,2 2 2. 317 2 0. 31396
SAAT-3 2 3. 680 2 0. 15883
mAAT-1 2 6. 464 2 0. 03948
ADA- | 2 0. 641 2 0. 72579
ADA- 2 2 6. 442 2 0. 03992
ADH 2 2. 389 2 0. 30280
SAH 3 9. 801 4 0. 04391
ALAT 2 1. 325 2 0. 51548
CK- A2 2 4,792 2 0. 09107
| DDH- 2 2.211 2 0. 33108
mIDHP-2 2 1.211 2 0. 54567
sIDHP-1 3 4,794 4 0. 30912
'sIDHP-2 8 26. 688 14 0. 02113
LDH B2 3 6.169 4 0. 18685
sMDH-A1, 2 2 0. 824 2 0. 66240
sMDH-B1, 2 4 7.422 6 0. 28361
mMEP-1 2 8. 637 2 0. 01332
MPI 3 5. 085 4 0.27867
PEPA 2 8.677 2 0. 01306
PEPD 2 2.585 2 0. 27459
P&K- 2 3 1.612 4 0. 80665
sSoD-1 3 18. 024 4 0.00122
TPI -4 2 7.852 2 0. 01972
( TOTALYS) 139. 643 74 0. 00001

- —— — T > M G T Y - S - - G i S — S ——— - o — Y — T A — S i — — - S > m— —

! sTDHP-1,2 was treated as two independent |oci for this analysis,
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Tabl e 13b. Heterogeneity-chi-square: Wpatox 89 X Wapatox 90

NO. OF

Locus! ALLELES CHI - SQUARE D. F. P

SAAT-1,2 3 3. 842 2 0. 14645
SAAT-3 2 1.593 1 0. 20685
MAAT-1 2 2.531 1 0.11166
ADA- | 2 0. 552 1 0. 45742
ADA- 2 3 1.928 2 0. 38128
ADH 2 0. 630 1 0.42721
sAH 2 0.073 1 0. 78642
mAH-1 2 3.941 1 0. 04712
mAH-3 2 0. 485 1 0. 48600
ALAT 4 1. 486 3 0. 68549
CK-Cd 2 1. 148 1 0. 28394
GPl - B2 2 1.593 1 0. 20685
GPl -A 3 1.310 2 0. 51950
G3PDH-1 2 0.110 1 0. 74019
| DDH- 2 2 3.169 1 0. 07504
mIDHP-1 2 0.033 1 0. 85677
mIDHP-2 3 6. 005 2 0. 04968
sIDHP-1 3 1.370 2 0. 50411
sIDHP-2 8 11. 626 7 0. 11355
LDH B2 2 0. 007 1 0. 93119
LDH C 2 0.110 1 0. 74019
sMDH-A1, 2 2 0.221 1 0. 63850
sMDH-B1,2 5 2.234 4 0. 69286
mMDH-1 2 2.510 1 0.11312
MMDH-2 2 1.022 1 0. 31211
mMEP-1 2 0.628 1 0.42823
VP 3 2.670 2 0.26318
PEPA 2 5.023 1 0. 02502
PEPD 2 10. 522 1 0. 00118
P&K- 2 4 4. 067 3 0. 25429
PGW 2 3 1. 268 2 0. 53038
sSOD-1 3 1.315 2 0.51820
TPI - 4 2 1. 755 1 0. 18521
( TOTALYS) 76. 778 54 0.02249

— — . — U ——— T ———— — —— —— S T G R — G S - — — - G S Tl o G S — — — — T A - B S T ——

! sIDHP-1,2 Was treated as two independent |loci for this analysis.
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Tabl e 13c. Heterogeneity chi-square: Yakima Hat. Adults X Nile Pond

snpol ts.
_____ S
NO. OF

rocus? ALLELES CHI - SQUARE D. F. P
SAAT-1,2 3 3. 026 2 0. 22022
SAAT-3 2 5.975 1 0. 01451
mAAT-1 2 0. 185 1 0.66734
ADA- | 2 8.499 1 0. 00355
ADA- 2 2 0. 622 1 0.43032
sAH 2 0. 308 1 0. 57873
mAH-1 2 0. 247 1 0. 61925
mAH-3 2 0. 309 1 0. 57858
ALAT 3 12. 468 2 0. 00196
CK- Al 2 1. 047 1 0. 30619
CK-d 2 0. 644 1 0.42228
G3PDH-1 2 0, 985 1 0. 32097
| DDH- 2 2 1.577 1 0. 20920
mIDHP-2 2 1. 062 1 0. 30267
sIDHP-1 2 1.026 1 0.31119
sIDHP-2 5 4.036 4 0.40111
LDH- B2 3 1.670 2 0.43393
LDH C 2 2.105 1 0. 14683
sMDH-A1, 2 2 1.026 1 0.31119
sMDH-B1, 2 4 1.539 3 0. 67337
VPI 2 0.721 1 0. 39593
PEPA 2 2. 059 1 0. 15129
PG&K- 2 4 7.693 3 0. 05281
PGW 2 2 5. 027 1 0. 02496
sSoD-1 3 0. 029 2 0. 98550
TPI - 4 2 0. 967 1 0. 32549
( TOTALS) 64. 851 37 0. 00311

1 sIDHP-1,2 Was treated as two independent loci for this analysis.
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Tabl e 13d. Heterogeneity  chi-square:

col | ect1 ons.

Pr osser

1989

NO  COF

Locus'  ALLELES CHI-SQUARE D.F.

SAAT-1,2 3
SAAT-3 2
MAAT-1 2
ADA- | 2
ADA- 2 3
ADH 2
SAH 3
mAH-1 2
ALAT 4
CK- Al 2
CK-d 2
GPl - Bl 2
GPl - B2 2
GPl -A 3
G3PDH-1 2
| DDH 1 2
| DDH- 2 2
mIDHP-1 2
mIDHP-2 2
sIDHP-1 3
8
2
2
2
3
2
8
2
2
3
2
2
2
3
4
3
3
2

|

N

sIDHP-2
LDH Al
LDH B2
LDH C
sMDH-A1l,2
sMDH-B1
sMDH-B2
mMDH-1
mMDH-2
mMEP-1
VP

PEP- LT
PEPA
PEPD
P&K- 2
PGW 2
sSOD~-1
TPl -4

w

PRPPANWOTONOWNEWN

3.
. 852
. 628
. 911
. 268
. 655
. 864
. 368
. 999
.461
. 730
. 269
. 130

394

298

.101
. 061
. 263
.112
. 863
. 640
. 037
. 537
. 799
. 450

447

. 540
. 115
. 969

t enpor al

! sIDHP-1,2 and sMDH-B1,2 were treated as two i ndependent |oci for

this anal ysis.
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DI SCUSSI ON

Cenetic diversity amona Yaki na st eel head

We identified significant genetic diversity anong steel head
collections within the Yakinma River. Adults collected at the Yakina
Hat chery nost closely resenbled the three satus Creek collections,
whereas hatchery snolts fromNle Pond were nost simlar to the two
Wapat ox coll ections. Three indications of significant heterogeneity
within the tenporal Prosser collections (a deficit of heterozygotes
and gametic disequilibrium wthin col | ecti ons, and t he
het erogeneity chi-square test) were observed. Miltiple stocks
appear to be outmgrating past Prosser simultaneously.

Gene simlarity between Yakima steel head and hatchery rai nbow

The four Washington Department of WIldlife rainbow trout strains
are very different from Yakima steel head. However , t hese
differences are nmainly due to frequencies of alleles, and wth the
exception of |DDH|*, alleles present in the hatchery rainbow were
al so observed in the steel head snolt collections.

Conpari son of satus Creek with Skanmani a Hatchery

| used allelic data for Skamania Hatchery from M| ner and Teel
(1979) and Schreck et al. (1986) and conpared it to satus Cr eek.

Fifteen |locus systems (duplicate isolocus systems counted as one)

were conparable. Six loci were very different and several |oci had
common alleles that were absent in the other Fopulation. GPl- A* was
nmononor phic in Satus Creek but, the 89* allele was at a frequency
of 0.08 to 0.02 in Skamani a. G3PDH-1* was nononorphic in satus
Creek, but the *80 allele had a frequency of 0.14 to 0.05 in
Skamani a. The LDH-B2*76 frequency of 0.36 in satus Creek is typica

of the inland race of steel head, whereas, Skanmania had a frequency
of 0.12.-1 found variation at MPL* in Satus Creek, the *95 allele
f requency was (0.09), whereas Skamania has no variation at this
| ocus. However, Schreck et al. (1986) did not observe any variation
at this locus in the Yaki na sanples they assayed. M| ner and Teel
(1979) found pEPA* variation in Skamania at | ow frequency (0.02 for
the *111 allele) whereas Schreck et al. (1986) observed no
variation at this locus. | found the frequency of the *111 allele
In satus Creek to be over 16% sSobD-1* is another |ocus that
di stingui shes the inland and coastal races of rainbow trout. Satus
Creek had a =*152 and #*38 allele frequency of 2% and 10%,
respectively, Wwhereas Skamania had a frequency of the *152 allele
of smand did not have the #*38 allele.
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CONCLUSI ONS

Restricted gene flow exists anong steel head populations within the
Yakima River. This genetic heterogeneity does not appear to be
caused by the past stocking of Skamania strain steelhead in sone
areas of the basin. The lack of alleles typical of the Skamani a
strain in the Yakim collections indicates that these hatchery fish
likely did not contribute successfully to the present steel head
popul ati ons. satus Creek steel head, as well| as steel head from ot her
areas, appear to contain native gene pools.

SUMVARY RECOMVENDATI ONS

St andardi zation of genetic data from Yakima and Klickitat steel head
to other Colunbia R ver and Snake River areas needs to continue so
that the magnitude of within river genetic diversity' can be
conpared to anong basin diversity. W developed an initial genetic
screening protocol to identify allelic wvariation. Initial
standardi zati on work with NVFS geneticist should be expanded to
i ncl ude additional steel head researchers.

This initial analysis of Yakima River steelhead identified
significant genetic heterogeneity anmong |ocations. Analysis of 1991
coll ections (see 1991 steel head substock identification plan) w ||
help determne if this heterogeneity is a function of |ow effective
popul ation sizes and represent unstable substock characteristics or
If it represents historical restrictions to gene flow.

Col l ections of snolts and adults fromthe Klickitat River in the
wi nter and spring of 1991 will allow an initial |ook (by WF) at
summer steel head fromthis river. Data from four suspected w nter
run steelhead will be conbined with 1991 collections to begin the
genetic profile of this run-tine conponent.
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Appendi x 3. \WADF baseline screening protocol for rainbow trout.

Muscl e
CAMVE6. 8 [THI CK GEL 35mmorigin, 5 1/2 hrs @250V (max 90 ma)]
FH
| DHP & PGDH
ADA _
PGK scrape and stain AK
ALAT

PEP-LT & PEPD

MEP & PGM a+c20mg oxal oacet at e

AAT Cc only

G3PDH at+c (c only if no anodal slices)

RW (nonzap) [ THLCK GEL 35mmorigin, 5 hrs @80mA (nmax 400V)] LKB
ESTD scrape & stain LDH

AAT

CPI

G3PDH

CK

PEPB

Tris-Ay [THCK GEL 35m Origin, 5 1/2 hrs @600V (max 90 ma))

CAME6.8N [Add 8m of NAD buffer solution (15mg/ml) to the gel
Imedi ately before degassing -- and add 2m to
cat hodal el ectrode tray]

C[THCK GEL 35mmorigin, 5 172 hrs @250V (nmax 90 ma))

AAT atc (if extra anodal slice is available)

AH

GAPDH

MEP (40 ng oxal oacet ate)

G3PDH
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Appendi x 3. (cont.) Rai nbow trout baseline screening protocol
cont.

Hear t

EBT (nonzap) [ THHCK GEL 35mmorigin, 5 hrs @80mA (max 400 V)]
AAT

PEPB & PEPA

PEPD

SOD

TPI

GR

MPI

Li ver

Ey

CAME6. 8 [THI CK GEL 35nmmorigin, 5 172 hrs @250V (max 90 ma) ]

ADH (cat hode only)
MVEP
PGM (a+c)

RW (nonzap) [ THLN GEL 35mmorigin, 5 hrs @80mA (nmax 4o00v)] LKB
EST

| DDH

bGLUA

AAT

ADH (cat hode only)
LDH

TC-4 [THIN GEL 35mm origin, s 174 hrs e 250V (nmax 90 ma))
aMAN

bGLUA a+cC

bGALA 9.5 USE TR S

GDA

PEPB (cat hode only)

MEP (if slice is available)

e . ..

Tris-Ay [THCK GEL 35mmorigin, 5 172 hrs @600V (nmax. 90 ma)]
LKB

FBALD

AAT

PNP

CK

TPl

VPl

LDH
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Appendi x 3. (cont.) Rai nbow trout baseline screening protocol
cont.

CAMG. 8 [THLCK GEL 35mm origin, 5 1/2 hrs @250V (max 90 ma) ]
LDH

GAPDH

| DHP & PGDH
VP

CR

PNP

CK
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Appendix 4. Cel and electrode buffers used for rainbow trout
el ectrophoresis.

Buf f er

caME6.8 (nodified from dayton and Tretiak 1972)
El ectrode
0.04M citric acid
0.005M EDTA

Adjust pH with N-(3- an1noPropyI) mor phol i ne
Gl 1in 20 dllutlon of el ectrode and readj ust pH

CAME6.8 nodi fi ed cAME6.8 by not addi ng the EDTA

cAME6.8N nodi fied caME6.8 by adding 0.15 ng NAD per ml of gel
buffer and 30nmy NAD to the cathodal electrode tray.

RW (from R dgway et al. 1970)
El ectrode
0.06M |ithium hydroxide
0.3M boric acid
Cel
0.03M tris
0.005M citric acid
Add el ectrode buffer (1% of final gel volune)

EBT (from Boyer et al. 1963)
El ectrode
0.18M tris
0.1M boric acid
0.004M EDTA
Gel 1 1in 4 dilution of electrode

Tris-A@y (nodified fromHol mes and Masters 1970)
El ectrode and Gel are the sane solution
3.0g/1 tris
14.4g9/1 gl ycene

TC-4 (buffer "a" of Schaal and Anderson 1974)
El ectrode (final pH 5.8)
27g/1 tris
18.1g/1 citric acid (nonohydrate)
Cel 1:27.5 dilution of electrode
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Allele nmobilities of

rai nbow trout

and steel head genetic

variati on observed at each locus on different tissue and buffer

identified in populations WDF has studied.
combi nation. () =

(WDF 14 Cctober

1990). (] = NWFS allele not
NS= not scorable on

suspect variation not used

%% = no allele for this nunber/letter code.

Steelhead Relative Rllele Mobilities

Appendi x 5.
conbi nati ons
this tissue/buffer
in analysis.
A
LOCUS T_  Buffer 1
sAAT1,2 M Tris-dy 100
M RW 100
M CAM6.1 100
HM CAME6.8 100
H EBT 100
SAAT-3 E Tris-dy 100
L CAMEG6.8 100
L Rw 100
SAAT-4 L . caME6.8 100
L RwW 100
MAAT-1 MH CAME6.8 -100
M CAM6.1 -100
M Tris-dy -100
MAAT-2 MH CAME6.8 -100
M CAM6.1 -100
mAAT-3 M caM6.1 -100
MH CAME6.8 -100
ACR H EBT 100
M Tris-dy 100
ADA- | M CAME6.8 100
E caM6.8 100
M Tris-Ady 100
ADA- 2 M Tris-dy 100
M CAME6.8 100
ADH L CAMG. 1 -100
L CAME6.8 -100
L RW -100
L Tris-dy -100
sAH 1. CAME6.8 100
L  CAM6.1 100
mAH-1 H CAME6.8 100
M CAME6.8 100
mAH-2 H caME6.8 100
ME CAME6.8 100
mAH-3 H CAMEG.8 100
M  CAMEIi6.8 100
mAH-4 H cme.egloog
M CAME6.8 (100
AK M  CAME6.8 100
ALAT M  CRAME6.8 100
M Tris-Ay 100
CK- Al M RW 100
M CAME6.8 100
M Tris-Ay 100
CK- A2 M RW 100
M CAME6E.8 100
M Trie-Gy 100
CK-B E Tris-dy 100
CK-Cl E Tris-Ay 100
CK-2 E Tris-Ay 100

B C
2 3
112 90
109 92
125 NS
125 95
114 90
69 [109]
105 110
-110
-110
-110
(-90)
(-90)
85 81
8s 81
93 (#2)
106 90
NS
-78
-78 -50
-82
-21
85 %%
85
55
(186)

(122) (114)

105

106 111
67
50
67

(108)

75

[97)
105 (98)

D
4

113

104
104
102
110
105

72

76

E F G H I
5 6 7 8 9
101
103

105
105
105

113
113
113




Appendi x 5.

GAPDH- 1
GAPDH- 2
GAPDH- 3
GAPDH- 4
GAPDH- 5
GDA-1

CGDA- 2

bGLUA

GPI-B1l
GPI~-B2
GPl-A
GR

G3PDH-1
G3PDH-2

G3PDH-3
G3PDH-4

HAGH

| DDH- 1
IDDH-2
mIDHP-1
mIDHP-2
sIDHP-1

sIDHP-1,2

LDH Al

xxgmrrééérrx211§zZ§§mlxxxxzerrrrrrrrrmmgzxrrr;rxmmrxgm P

{cont.)

Steel head Rel ative Allele Mobilities

A B c D E F G H
Buffer 1 2 -3P 4- 5P 6 -7
CAM6.8 100 109 (128)
RW 100 102
Tris-Ay 100
RW 100 110 (105)
Tris-Ay 100
Tris-dy 100
CAME6.8 100 84
CAMB. 1 100
Tris-Ay 100
TG 4 100 80
RwW 100
caME6.8 100
CAME6.8N 100
CAME6.8N 100
CAME6.8N 100 33 120
CAME6.8 100
CAME6.8 100
Tris-Ay (100) NS NS (110)
TC- 4 (100) (120) 5803 (183)
CAMFa6. 8 (100) (120) (80 (183)
Tris-dy (100
TG 4 (100) (115) (90) (55)
CAME6.8 (100)(115) (90) (55)
CAMG. 1 100 -39 -1.1 93
TG 4 100 -39 -11 93
RW 100 77 85 93
CAME6.8 100 2 10 93
RW 100 142 [130) 15 (25}
Tris-Ay 100 148 15
RW 100 60 150
Tris-dy 100 60 150
Tris-Ay 100 115 89 [107]
RwW 100 105 93
CBAME6.8 100 (115)
CAM6.8 100
EBT 100
CRME6.8 -100 80
CAMB. 1 -100 -7
CAME6.8 -100 150
caM6.1  -100
CAME6.8N 100 64
CAME6.8N 100 124
CRAMEG6.8 100 124
Tris-dy 100 70
RW 100 200 15 400
RwW 100 143 5
CAME6.8 100
CAME6.8 100 144 162 67
CAME6.8 100 122 71 116
CAMB. 1 100 4 129 72 [?] 118 121
CAME6.8 100 42 121 123 40 116
CAM6.8 100 42 121 72 123 40 116
RW 100 420
Tris-Ady 100
CAMB. 1 -100

7

8 --

58
58

9 10

74
74

K L
11 12

27 80
27 80




Appendi x

Locus

LDH- A2

LDH-B1

LDH- B2
LDHC
aMAN

sMDH-A1,2

sMDH-B1, 2

mMDH-1
mMDH-2

mMDH~-3

mMEP~1
mMEP-1,2
SMEP-1
sMEP-2
MPI

NTP
PEPA

PEPB- 1

PEPD- 1

PGDH

PGK-1
PCK- 2

PGV 1
PGMW | 1

5. (cont.)

E:EK:EE:ZE%QEg%%:B:z:Ezggjﬂ—r'mrnErﬂn1Zrnz:Z§: IH

mIrrrt
T

‘Steelhead Relative Allele Mobilities

Buf f er

RW
Tris-Ay
CAMB. 1
CAM6.8
RW
Tris-G
Tris-
RW
Tris-
CAMS.
Tris-
TC- 4
CAME6.8
CAMG. 1
CRME6.8
CAMEG6.8
CAMG. 1
CAMEG.8
Tris-Ay
CAME6.8
CAMEG6.8
CAMB. 1
CAME6.8
CAME6.8
CAM6.1
CRMEG.
CAMEG6.
CRMEG.
CAMES6.
CRMEG6.
TC- 4
TC- 4
CAME6.8
EBT

ay
ay
8

ay

N

o W oW

L Tris-Ay

m

CAM6.8
RW
CAMEG.8
EBT
CAM6.1
Tris-Ay
EBT

TG 4
Tris-Ay
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115

155
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118
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Appendi x 5.

Locus

PGM-2

PNP
PNP1l-1
PNP1-2
sMEP-1
SMEP-2

gS0OD~-1

sSOD-2
mSQOD
TPI - 1
TPl - 2
TPI -3
TP - 4
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Steelhead Relative Allele Mobilities

Buf f er
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Tris-Ay
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154
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226

148
124

500
500
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YKFP CGENETI C RI SK ASSESSMVENT

| NTRCDUCTI ON

The Northwest Power Planning Council's support for genetic
conservation efforts is clearly enunciated in its 1987 Col unbi a
River Basin Fish and Wldlife Proaram (Section 204, paragraph D).
Probably the nost significant aspect of the Council's commtnent to
genetic conservation is a stipulation that a genetic risk
assessment be done in planning for any production project under the
Council's purview. Accordingly, in early 1990 | wote a genetic
ri sk assessment (GRA) for the YKPP. This document was included in
Appendi x A of the YKPP Prelimnary Design Report. The 1990 YKPP
GRA was, to the best of our know edge, the first genetic risk
assessnent witten on any Col unbia basin production program and as
such it may have a long terminfluence on GRA devel opment, both in
the region and outside (it has been fairly well distributed
nationw de). However, it is just the first step in the genetic risk
anal ysis process for the project. | acknow edged the prelimnary
nature of the document, and cited three reasons the GRA woul d need
revisions: 1) lack of clear guidelines for genetic risk assessnent
devel opnent fromthe Council, 2) lack of data on which to assess
risk, and 3) changes in risk status caused by adaptive managenent
of the project. One additional reason for revision was created by
the Council's response to the GRA. These four issues and our

activities related to them will be discussed bel ow, because
adaptive nmanagenent includes response to criticism includin
criticismfromthe Council, adaptive managenent and Counci

response wll be discussed together.

DEVELOPMENT OF NPPC GRA GUI DELI NES

At the tine the YRPP GRA was being prepared, the Council's
nmonitoring and eval uation group (MEG had been ?rappl ing with
genetic risk assessnent for several years, but no clear guidelines
existed. An "Expert system" assessment software package was under
devel opment by Larry R ggs, a Council genetics consultant, but was
not yet close to operational status. | did use a nunmber of ideas
from R ggs and MEG docunents, however. Chief anong these was the
categorization of risk. Riggs had identified three categories of
risk: 1) extinction, 2) loss of within population variability, and
3) loss of population identity (between population variability). I
added a fourth category, donestication selection, which Riggs had

consi dered an aspect of category 2. | also subdivided category 2
into two subclasses: 2a, |oss of genetic variability t%r ough
genetic drift; and 2b, loss of variability through non-
representative broodstock selection. | did not use the concepts of

roduction opportunities and categories outlined in Riggs (1990)
owever because: 1) there seened to be a considerabl e anount of
confusi on surrounding the application of opportunity categories;
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and 2) the YKPP, because of its experinental nature and strong
conmitnent to adaptive management, did not seem to fit the
OEportunltV classification well; i.e., experinental needs, rather
than overall production goals, dictate the project design

The GRA was rightly criticized by Riggs, under Council contract,

for inconpleteness with respect to the specifics of the actual

production program However, the YKPP was in general well

received by a broad readership and is still, in the continuing
absence of Council guidelines, recomended as an exanple to follow
when preparing a project GRA

In late 1991, Larry R ggs, Lars Mobrand, Phil Roger, Chip
McConnaha, Willa Nehl'sen, and | nmet for three days to devel op
Counci| GRA guidelines. The individual sections of the GRa
gui delines were assenbled in March 1991, and a draft of the ful
gui delines is now being prepared. There are still some unresol ved
difficulties with the guidelines, so it is unclear when they wl
be ready for use.

Al t hough the NPPC gui delines are not yet finalized, the general
approach now planned is probablg that which will appear in the
final docunent, so the approach described in the current draft is
worth descri bi ng here. The NPPC aEproach, call ed genetic inpact
assessnment rather than genetic risk assessnent, is carried out at
two levels. Level 1 is a Prelininary approach to be carried out
during the developnent of a draft master plan for a subbasin
production program An essential part of the Level 1 assessment is
Identification of critical uncertainties and data needs. Once these
required data are gathered, the nore detailed Level 2 assessment is
done, which details inpacts associated with specific project
operations and identifies nonitoring needs. The assessment involves
a nunber of specified steps involving the assignnent of each
st ock/ production schene conbination to an opEortunity cat egory
(Riggs 1990), and rating the genetic risk on four inpact
"Kardsticks" corresponding to the four categories of genetic risk.
The guidelines include allowable inpact |levels for each opportunity
category:

I mpact Categories

Opportunity
Category 1

N
w
I~

mH OO D>
CLOLWLWLWLWW
LOLWLWLWWwWwWw
LWOLWWLWMNOIN -
CLOWWN -
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A scale of 1 to 5 is used, 1 being |owinpact and 5 high inpact.
If a production scheme exceeds the allowable inpact level, it nust
be justified. There are two problens we see at the nonent with
this system 1) having a reasonabl e nunber of regional geneticists
agree on the table above, and 2) having sone reasonably objective
way of deciding what |evel of inpact a given action m ght have;
e.g., howis a planner to know if the project he proposes wll
cause an inpact level for type 4 risk of 3 or 42 This type of
gui dance was to conme fromRiggs' Expert System which was to offer
a simulation of what a group of geneticists would say when
confronted with these decisions, but devel opnent of the Expert
System has been suspended. Thus, these inpact ratings have to be
done "manually", W thout benefit, at least for the tine being, of
a consistent approach.

Despite these devel opmental problens, with the heavy participation
of YKPP planners in the NPPC GRA(g%gnning process, 1t should be
possible to generate a revised acceptable to the Counci
whenever it is required. This docunent would have to be a m xture
of Level 1 and Level 2, as sone critical uncertainties have been
addressed, but others remain (see below).

NEW | NFORVATI ON

The 1990 GRA was necessarily vague on risk levels for production
strategi es because design of the programwas to depend on the
genetic diversity found to exist in the basin. Specifically, risks
to substocks depended on how many substocks were present, and how
wel | physical facilities and production plans fit In wth substock
structure. At the tine the GRA was witten, no results fromwpr's
genetic sanpling of Yakima and Klickitat stocks were avail able.
The situation is now nuch different for sone substocks. Although
there is a chance that future nonitoring may change the situation,

it appears there are only three Yakima spring chinook stocks:

Arerican, Naches, and Yakima. Since existing plans allowed for
exi stence of all three, we can produce a Level 2 GRA on Yakina
spring chinook. Progress has been slower on Yakinma sunmer
steel head. Existing plans call for hatchery suppl enentation of
Yaki ma and Naches stocks. W still don't know if nultiple substocks
exist in one or both of these areas. The discovery of a second
Yaki ma fall chinook substock in Marion Drain conplicates fal

chi nook operational planning. Sone solid production options need to
be devel oped before a Yakinma fall chinook GRA can refined (see
bel ow). Substock ID work is still at too prelimnary a level in the
Klickitat to revise the GRA as it pertains to Klickitat substocks.

Anot her source of new information bearing on the genetic risk issue
is two new papers dealing with extinction risk: one a synthesis
paper in draft (Emlen in prep.) fromthe Council's January
Sustainability Wrkshop, and the other fromthe NWS technical ESA
proceedi ngs (Thonpson 1991). These papers may offer some concrete
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recommendations for assessing Type 1 risk. Along the sane lines, a
speci es definition paper has been witten for the ESA technical
process (Waples 1991); possibly aspects of this paper could be used
to put "sideboards" on acceptable |evels of several types of
genetic risk.

ADAPTI VE MANAGEMENT / RESPONSE TO COUNCI L REVI EW

Cenetic concerns played a large role in the Council's response
(August decision nmeno) to the YKPP PDR in 1990. The two nmain
genetic issues | raised in the GRA, Type 3 risks to Yaki ma sunmer
steel head from the small existing production program and to Yakima
spring chinook from the proposed summer chinook reintroduction
were also of concern to the Council. The Council required specific
actions to be taken to alleviate these sources of risk. The first,
identification of steps to reduce inpacts on steel head from
exi sting prograns, has been satisfied by virtual elimnation of the
exi sting program Steel head production in the Yakima is now at a
mninmal |evel, producing only enough fish for the rainbow trout
interaction study. No new action has been taken on summer chi nook
except for dealing with it in the scal ed-down options di scussed
bel ow, but existing |anguage in the PDR acknow edges the risk from
the summer chinook program and considers identification of
potential summer chinook Inpacts on spring chinook as a critical
prefacility informational needs.

The Council's major expression of genetic concern over the project
was a requirement that the genetic risk of various scal ed-down
versions of the Yaki ma program be assessed. This subject was
di scussed in depth at a March nmeeting of the Long-Term Fitness
Team Risks were assessed qualitatively for a nunber of options
involving three types of reductions: 1) elimnation of entire
subst ocks; 2) elimnation of specific subst ock/ subbasi n
conmbi nations; and 3) elimnation of experinental groups. Results
are summarized in Table 14. Not all possible reductions were
di scussed, but enough were to develop a pattern applicable to those
options not explicitly considered. An approach rejected inmediately
was reduction of nunber of fish per group; group sizes are
determ ned by experinental power requirenents.
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Some of the entries in the table have been nodified since the Mrch
meeting after further consideration, especially those pertaining to
Type 1 and 2 risks ("varied" entrlesg I n stocks not undergoi ng
suppl ementation. The basic issue here is the "do nothing" option
(for which the conmon entry is "varied®); our original opinion was
that hatchery suppl enmentati on woul d decrease risks of all types
except 4 because the stocks were in serious trouble as is.
However, there were two assunptions here that could be debated.
First, that the stocks are in serious trouble, and their |ong term
persistence and identity is in jeopardy. This nay be true,
especially for small steel head stocks that may occur in the Yakina,
but we have not rigorously evaluated this for any stock in the
project. The recently published Iist of 214 stocks determned to be
at serious levels of extinction risk (Nehlsen et al. 1991) included
Klickitat spring chinook, summer steelhead, and w nter steelhead,
but did not include any Yakima stocks. Thus, the viewpoint that al
the YKPP stocks are in peril may not be very common. The second
assunption inplicit in the notion that the YKPP would involve |ess
geneticr'i Sk is that the hatchery operation would work ﬁroperly,
t hat suppl enentation would actually result in nore fish (and thus
higher ef f ecti ve popul ation size). Again, this is an assunption
that could be easily debated. The recent review of supplenmentation
b% MIller et al. (1990) concluded that there is no strong evidence
that supplenentation really works (and al so no strong evidence it
doesn't). Testing supplenentation is really the central experiment
of the YKPP; we can't argue a priori that supplenentation will be
better for the stocks than doing nothing for them It boils down to
a question of relative risk.

Arecent criticismof the project unrelated to the Council decision
meno i nvol ves the genetic refuge stocks, Anerican River sprin

chinook and satus Creek steel head. The 1990 GRA naively assune

that establishing genetic refugia was a sinple matter. It is
actual ly very conplex. The Anerican River situation illustrates
this well. For this population to be protected fromgenetic risk,

it has to be protected fromstraying fromthe enhanced Naches stock
and protected from depletion due to mxed fishery harvests. An
added conplication is that this stock is not synchronized well with
t he Naches stock in terns of age at return. American River fenale
spawners are virtually all five years old, whereas Naches females
are a mx of fours an&lfives. An “unsuccessful brood year will thus
result in Arerican River hitting a population low in different
cal endar years than the Naches. rvest may have tobe reduced on
the Naches stock to protect the American R ver stock. The question
ofstraying is another issue. How nuch straying is currently going
on, and how good are our abilities to detect it? The argunent could
be made that the Anerican River spring chinook may be at less risk
if they are supplenented than if they aren't.’ viously, genetic
risk analysis is not conplete wthout inclusion of a discussion of
harvest policies and nonitoring.
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SUMVARY RECOMVENDATI ONS

W& should participate nmore actively in the fornmulation of the NPPC
CRA guidelines to help bring that process to conclusion. Once the
guidelines are in place, we should Broduce a revised GRA follow ng
those guidelines. This will still be an interim docunent, with a
Level 2 approach possible for sone stocks, but not others, but the
revi sed woul d be very useful. Internally, it will serve to
delineate outstanding genetic risk issues and sunmarize our
progress in resolving them Externally, it will help the Counci

track our progress, reducing the chance of m sunderstanding |ater

The revised GRA shoul d have extensive discussions on scal ed-down
production options and genetic nonitoring. W may be at the point
where the former is possible, but much devel opnental work is needed
on the latter (see next section). An integral part of risk
assessnent is the ability to detect genetic inpacts.
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GENETI C MONI TORI NG ASPECTS oF THE YKFP

I NTRCDUCTI ON

More than any previous production project to be inplenented, and
nmore than any production program now pl anned, the YKFP stresses
genetic conservation. Indeed, a key hypothesis to be tested in the
YKFP is that new suppl enentation strategies can be used to increase
production of salnon and steel head in the Yakima and Klickitat
subbasins w thout adversely affecting genetic resources existing in
t hese drainages. There are two aspects to the testing of this
hypot hesis. The first is to ensure that the nost theoretically and
practically advanced procedures for mnimzing genetic risk are
used throughout the production program The second aspect of
testing this hypothesis is a genetic nonitoring program (GW) to
ascertain the extent of genetic change occurring under the
production program In this section | discuss the options avail able
for such a pro%yan]_ and some general issues concerned with
deyelppinﬁ it. his is largely a personal perspective, but nK
thlnklng as been heavily influenced by a chapter by Barrowcl oug

and Lande ("Effective population size, genetic variation, and their
use in population management") i n Viable Populations for
Conservation (ME. Soule, ed.), by the coments of Supplenentation
TWG nenbers (particularly Rich Carmchael) at a TWG neeting in July
1990, and a Novenber MEG work session on genetic inpact assessnent.

Implicit in the follow ng discussion is a central assunption that
is essential for planning at this stage; that since the YKFP is
intended to be a l|aboratory for supplenmentation and since
mnimzing genetic risk is central to the project, it follows that
the YKFP should have the nobst conprehensive and technically
sophi sticated GW possible. Fromthis basic assunption follow three
ancillary assunptions. The first is that we're interested in
addressing all four categories of genetic risk outlined in the YKFP
genetic risk assessnent and currently used in MEG genetic inpact
assessment planning: 1) extinction, 2) loss of within-population
genetic variability, 3) loss of population identity (among-
popul ati on varlablllt¥?, and 4) donestication selection (which
properly should include all types of anthropogenic directional

genetic change, not just selection inposed by the hatcherY
environment). The second ancillary assunption is that |ogistica

difficulties, including periodical decreased production capacity,

age not a concern. The third assunption is that the price is no
obj ect.

Qobvi ously, conpromses will have to be made with | ogistical and
financial reality in desi?ning and inplenenting the GW, and cost
and | ogistical concerns will be addressed in discussing the various
approaches that can be taken, but we need to be as idealistic as
possible in initial planning. The YKFP is a nodel project, and the
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GWP shoul d be a nodel programas well. Planning for the GW should
be of lasting value not only for Col unbia basin planning, but also
for other basins and other species. In the long run, what we decide
not to do is as inportant as what we decide to do, so it's
important to carefully document our thinking in devel oping the GW
and above all, to not discard ideas casually, no matter how
expensive, difficult, or otherwise irrational they nay seem

TECHNI CAL  APPROACHES

Tvype acts:

Extinction has inportant genetic consequences: once a popul ation
oes extinct, all its genetic material is lost. Type 1 inpacts
iffer substantially fromthe other types of genetic inpact we are

trying to evaluate, however, in_that the inpacts thenselves can
uite often not be genetic. This may seem paradoxical, but
ermographi ¢ and environnental factors are generally nuch nore

inmportant, especially at the early stages, in the extinction
process. Only when the popul ation size becones snmall enough for
serious inbreeding to take place (quantified by Barrowcl ough and

Lande (1987) as "a few dozen", higher if the popul ation has

contracted rapidly from a large size) does genetics become

important. | nbreeding depression will exacerbate the denographic

Broblens, hastening extinction; this is termed an extinction vortex

Gilpin and Soul e (1986). M nimum vi able popul ation size is often
thought to be synonymbus with mninmum acceptable effective
popul ation size for avoi dance of serious inbreeding, but the actual

m ni mum vi abl e popul ati on size for avoi dance of extinction can be

much | arger

Extinction theory today is a conplex field. One basic idea is that
there is no set mnimum viable popul ation size for any popul ation.
To set a mninum viable popul ation size, survival of the population
has to be stated in probabilistic terms, with a tenporal conponent.
Thus, rather than asking what would be the mninum viable
popul ation size, we should ask what is the mninum popul ati on size
that will give us an 80% chance of survival for the next 200 years,

for exanple. Another basic idea that | have found useful, is the
concept of three extinction functions (Shaffer, 1987?: denogr aphi c,
environmental, and catastrophic. A fairly snal i ncrease in

popul ation size may yield a large benefit in persistence time via
the demographic function, but enornous increases in population size
may do very little to increase persistence time via the
catastrophic function. The relationship between persistence tine
and popul ation size on the environmental function is essentially
linear. Population vulnerability analysis (pva), developed by
Gilpin and Soule (1986) |inks environnental and denographic
stochasticity, metapopulation structure, and genetics to describe
the process of extinction as a series of feedback | oops.
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Al though the theory of extinction appears well devel oped, practical
applications of it are scarce. Soule's (1987) book, Muninmum Viable
Populations for Conservation, has several chapters on extinction,
sonme attenpting to do something with the theory, but it is doubtful
any of this can be of direct use to us. For exanple, we have no
I dea how to describe shaffer's functions for anadronmous sal nonids.
Larry Riggs is investigating if any of the theory can be used at
this point, but at present, the Type 1 R sk nodul e of the expert
system he is designing for MEG bases the relative risk of
extinction on intuitive reactions of a few geneticists to
escapenent dat a.

The upshot of all the above discussion is that the tools just
haven't been devel oped to evaluate Type 1 inpacts, so it is
anyone's guess at this point how good a job we can do, beyond the
point of stating that the population is at increased risk when the
size gets small enough to cause inbreeding problens, information
that wll conme fromour nonitoring of Type 2 inpacts. Sone good
i deas canme out the MEG work session, however. Escapenent data are
obviously inportant. A trend of escapenment decline can be taken as
movenment toward extinction, and possibly so can wildly quctuating
escapenents. Denographi c data such as age structure, sex ratio, an
fecundity are also very inportant; to have any hope of ever
appl yi ng a sophi sticated denographic nodel to our popul ations, we
0 viousIK need to have some wunderstanding of the actual
denogr aphi cs of the popul ations. Age structure data wll also alert
us to the problem of year class failure, which wll increase
extinction risk. Managenent information can give us insight into
Tyﬁe 1 risk and inpact as well. Escapenent goal s, managenent to
achi eve escapenent goals, and threshold levels to trigger tisheries
are all inportant, since harvest can be a |arge conponent of the
catastrophic extinction function.

Type 2 inpacts: |oss of within-population variability

Type 2 inpacts can be evaluated far nore accurately and sinply than
i mpacts of any other type. Al that is required is that we nonitor
wi t hi n-popul ation genetic variability. This can easily be done with
el ectrophoresis. V& can estimate single-gene heterozygosity readily
and nmonitor this over time. W can also estimte effective
popul ation size with electrophoretic data (Waples 1989, 1991).
Al though protein el ectrophoresis is the nost w despread technique
for looking at heterozygosity, it's not the only one. Cenetic
variability can be estimated froma variety of characters: nucleic
acid sequences, chronosonmal polynorphisns, and sinple visible
Mendel i an pol ynor phi sns.

Evolutionarily, additive genetic variation at quantitative traits
is far nore inportant than single-gene variability. Monitoring
variability of this sort is nore conplicated because expression at
quantitative traits (such as fecundity, body size, magration
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tim ng, ot her  behavi ors, etc.) is a mx of genetic and
environmental effects. The standard nethod is to estimate the
heritability of the trait, the ratio of additive genetic variance
to total phenotypic variance. There are a variety of ways to do
this, but the sinplest method is to neasure the trait of 'interest
in parents and their offspring and regress offspring performance on
arental performance for the trait. Choice of trait is inportant,

ecause heritabilities and their standard errors are inversely
correlated; the larger the heritability, the |ower the standard
error. Since our intent will be to nonitor overall changes in
genetic variability rather than a specific trait, the sinplest
approach is to periodically estimate the heritability of a high
heritability trait (heritabilities have been estimated for a
variety of traits in cultured salnon and trout).

Recently fluctuating asymretry anal ysis has been used to eval uate
differences in genetic variability. The theory is that decreased
variability causes developnental instability, and this in turn
causes neristic counts on the two sides of a fish to differ. There
Is still some question about its ability to detect other than gross
changes in variability, but recent work by Allendorf's group has
shown the technique to be fairly sensitive to variability changes
in trout (e.g., Leary et al. 1985). Another concern, based on
anecdotal reports of work by Wnans, is that increased asymmetry
can be caused by outbreeding depression, a Type 3 inpact. The
technique is very sinple. Mristic characters are counted on both
siFeﬁ ofda fish, and the differences between the two counts
cal cul at ed.

To this point |'ve only discussed sinmple 1loss of overal
variability. Another subcategory of Type 2 inpact is |loss of |ife
history variability due to nonrepresentative broodstock selection
The only way | see to evaluate this sort of inpact is to nonitor
the trait in the population, watching for changes.

Eval uation of Type 2 inpacts poses sone practical problens. The
primary tool, starch-gel electrophoresis may not work in sone
species, because of lack of electrophoretic variability. This is
nota problemin chinook and steel head, but is in coho. O herw se
el ectrophoretic evaluation of Type 2 inpacts is straightforward.

Heritability estimates  will pose  substantial | ogi stica

difficulties, however, because famlies of fish wll have to be
reared separately. |If the trait to be analyzed is neasured on
adults, smolts wll have to be tagged with famly codes.

Fl uctuating asymmetry analysis requires no special hatchery design
features or disruption of normal operations.
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Type 3 Impacts: Loss of Anobns-Pooul ation Variability (Population
Identitv)

This type of inpact is caused by population mxing, so to nonitor
this inmpact we need to |look for changes in frequencies of
el ectrop oretically detectable alleles, nucleic acid restriction
fragment | ength polynorphi sns (RFLP's), chronmosonal pol ynor phi sis,
visible Mendelian alleles, or shifts in nmean of quantitative
traits. Wen sufficient electrophoretic variation is present, as is
the case with chinook and steelhead in the YKFP drai nages, the
el ectrophoretic approach is probably the nost feasible. Not only
can allele frequency shifts at single loci be nonitored to give
estimates of gene flow, but the shifts can be sumarized as genetic
di stance statistics, so estimates can also be made from changes in
these distances. There is a limt to the sensitivity of these
anal yses, however, so information on straying rates is essential
W shoul d have baseline data on presuppl enmentation stra¥ing rates
and then nonitor changes as suppl ementation proceeds. To do this
with any sensitivity, we need a fairly large tagging program

Monitoring for Type 3 inpacts present only one theoretica

difficulty, so long as neasurable genetic differences exist between
the stocks involved: being able to distinguish true Type 3 inpacts
fromnatural genetic change. Evolution is nost sinply defined as
allele frequency change, so we will expect allele frequencies to
change over time anyway. Corroborating straying information is
vital in this case. Another aspect of this problemis allele
frequencies shifting due to genetic drift. This happens in al

finite populations; the amount of the shift is a function of the
ef fective population size (N,). W plan to have several years'

el ectrophoretic information before suppl enentation begins, and we
can estimate N, fromthese data usi ng Waples' nethod. This can
cause a circularity of argunent, however, if allele frequencies are
fluctuating and we try to explain the fluctuation by an estimte of
N, that is itself based on the fluctuating frequencies. An
i ndependent estimte of N, would be hel pful, and this can be gotten
only from denographic data (discussed below in Core Data section).

Monitoring for Type 3 inpacts can |argely be done w thin nornal
operations, so this presents no practical problems in
i mpl ement ation. Tagging fish with stock-specific codes for straying
rate estimation should not interfere with normal operations.
Col l ecting some of the denobgraphic data may iTFose quite a | oad,
however, In that famlies may have to reared individually and
tagged individually (see Core Data section).
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Type 4 Impacts: Donestication Selection

Consi derable controversy exists over the nagnitude of Type 4
Inpacts, especially those caused by hatchery rearing. Wile
probably all geneticists will admt that hatcheries inpose
sel ective effects nmuch different fromthose encountered in the
natural environnent, they differ widely in their opinions of how
serious the inpact is. Conservation biologists typically deal wth
emergency situations, such as an _entire species going extinct or
entire ecosystem disappearing. They often have to Include zoo
animals as part of their breeding popul ation. Many of them would
consi der worrying about the genetic inpacts of captive propagation
either as immaterial or as a luxury. Little solid experinmental work
has been done on Type 4 inpacts, so hard data are in short supply.

The best studies on Type 4 inpacts are Reisenbichler and Mlntyre
(1977), Chilcote et al. (1986), and Swai n and Riddell (1990).

Type 4 inpacts are considerably nore difficult to evaluate within
a production schene than ot her thes of genetic inpacts because
there is |little likelihood that they will be reflected in genetic
characteristics that are sinple and 1 nexpensive to neasure, such as
el ectrophoretic variation. The inpacts will alnost certainly only
be expressed as perfornmance differences at quantitative traits. To
eval uate Type 4 Inpacts then, we will need to conpare performance
at a quantitative trait or suite of traits wth and w thout the
effects of selection. Five approaches are possible (if you can
think of others, let ne know):

1. Pre- and Post- Mnitoring. This is the sinplest of the four,
i nvol ving no experinental setup, just data collection. The
popul ation or populations of interest are nonitored intensively
for the trait(s) for as long as possible before the production
program begins to establish a performance baseline, and then
the nonitoring is during the production program |Ideally
nmonitoring will be continuous, but this isn't essential. Data
collected fromthe suppl enented popul ation can be conpared at
any tinme with the pre-supplenentation data or with earlier
suppl enentation data to give an estimate of Type 4 inpact.

This approach's strength is sinplicity; it would be the easiest

of the four alternatives presented to acconplish. It has a
very serious weakness in that there is no way to separate
genetic and environnmental effects. | see no way around this

problem at this point.

2. Control and Treatnent Momitorine This is a straightforward
experi nent al approach. Sonme popul ations are supplenented
(receive the experinental treatment) and sonme are not gserve as
controls). ldeally this is done with a series of paired
popul ations, each pair conposed of simlar streams wth
genetically simlar populations. The nore pairs, the stronger
the statistical power. Traits of interest are nonitored in al
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popul ations, and performance of control and supplenmented
popul ations are conpared. A variation of this is to split a
population in a single stream supplenmenting half and not
supEIenentln% the other half. The two %roups woul d have to be
mar ked, and kept separate. This design.has advantages over the
basic design in that the environmental variation due to stream
differences is elimnated.

There are problems in attributing whatever difference is found
to Type 4 inpacts, however. In any control -suppl enent ati on
popul-ation pair, both populations will change over tine due t
genetic drift. This is a random process, so they nmay becone
more simlar, or nore distinct, and all this is separate from
the actual Type 4 inpact. This nmakes it even nmore inportant to
have as many popul ation pairs as possible. A second problemis
that the control and treatnment groups should be independent.
Wthin a single production project, it is difficult to imagine
this happening, the increased nunbers of thesupplenented stock
may nMean increased straying into the control stock, thus
changing its genetic character. Supplenentation and contro
juveniles may also interact ecologically. This wll be
mni mzed by use of snolts, but the possibility can't be ruled
out.

The theoretical problens just nmentioned assumes that the major
obstacle in inplenmenting this type of study has been sol ved,
that of finding the population pairs for the research. n
practice, within the confines of a S]ﬂ?|e production project,
these_Palrs wll likely be inpossible to find. | see no
possibility for comng up with a convincing experinental design
for spring chinook in either subbasin. Yakima steel head are a
possibility, but we don't know enough about their substock
structure yet. The refuge populations, Anerican R ver chinook
and satus Creek steelhead, are at best quasi-controls, since
they are genetically distinct (especially American River) from
ot her populations in the subbasin, and they occupy habitats
which are dissimlar to any others in the subbasin (here again,
more true of American River). The quasi-control approach has
ossibilities, but to work needs a great amount of replication.

his could be done as a coordinated effort over several
projects, or in a project spanning several subbasins such as
the Northeast O egon project.

The al ternate design, using supplenmented and unsuppl ement ed
populations in the same stream has a very serious drawback:
the need for keeping the subpopul ations separate during
spawni ng. HatcherY fish have to be kept out of the spawning
grounds, which would require a weir below all Posslble spawni ng
habitat. This design is obviously unworkable in the YXFP,
because it is planned to use exclusively non-hatchery fish for
br oodst ock. _ _ _

Singl e-CGeneration Cenetic Change. |In this approach, at any
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particular point desired after supplenentation begins, hatchery
X hatchery (HH) and "wild" x "wild" (WA crosses are made in
the hatchery. Eggs and fry are treated identically. Perfornmance
di fferences between the two groups can be nmeasured at any point
during the life cycle, before release or after return as
adults. If desired, hatchery x "wild"™ crosses can al so be made.
Since the rearing environnent is identical for all groups, any
di fferences between groups will be genetic

The major theoretical problem with this approach is that
differences in performance between groups can be counted on to
refl ect only one generation of Type 4 inpacts; we know "wild"
fish were not raised in the hatchery, but their parents may
wel | have been. Not knowi ng what nagnitude a single generation
impact will have, it is unclear how |l arge the experiment will
have to be. A second problemis that the apFroach only gives us
half of the inpact; 1.e. how well "wiid® fish performin the
hatchery. We're very interested in how hatchery tish performin
the wild, especially in spawning.

This approach presents practical problens for the YKFP

Production of HH fish is not part of the overall program all
producti on supplenmentation fish are planned to be the progeny
of "wild™ parents. So either the Iﬂﬂcfrogeny have to be
consi dered as an experinental group and destroyed upon return
to the subbasin, wth the consequent tenporary |oss of
roduction, or the occasional production of HH progeny has to

e accepted as the cost of evaluating Type 4 inpacts. In the
YKFP al | hatchery fish will be marked. |f test groups are to be
rel eased for evaluation upon return, they nust receive an
additional mark to allow themto be separated from nornal
production fish.

Genetic Marking of Test Groups. Cenetic nmarking has great
appeal for studies of Type 4 effects, as the fish are
internally marked and a project can be designed where their
progeny can be marked as well. It's difficult to generalize
about this approach, but exanples illustrate the approach quite
well. Reisenbichler and MlIntyre (1%1&) made matings of
hatchery and wild fish to generate HH, and WV progeny of

particular genotypes, planted the offspring in closed stream
test sections. After a few nonths they collected fish from the
test sections, and el ectrophoresed themto determne the
relative survival of the three genotypes and thus the Type 4
inpact. Chilcote et al. (1986) raised the frequency of a rare
allele to high levels in a hatchery steelhead stock b

sel ective mating of pre-genotyped adults, then stocked the fis

into the Kalama R ver, where the allele was in | ow frequency.

Success of the hatchery stock was nonitored by increases in the
freguency of the marker allele. Phelps and Busack proposed a
study of relative reproductive success of hatchery and wld
adults in the Tucannon River. Adults were to be biopsied upon
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collection at the weir and equal nunbers of hatchery and wld
fish of appropriate genotype (H were all one genotype, W
another) were to be let into a test section of streamto spawn.
Rel ati ve success could be judged by sanpling alevins, fry, or
outmgrating smolts by conparing the allele frequency in
offspring to that expected formthe mx of adults. Numerous
ot her designs can easily be inagined.

Theoretically the biggest problem with genetic narking studies
Is that the popul ation nust be nanipul ated genetically to study
it. Wien a rare allele is raised to a high frequency by
selective mating of only those fish carrying the allele, it is
likely that relatives are being mated, so the progeny will be
inbred (the inbreeding coefficient can probably be cal cul ated
fairly easily). Using inbred marked fish can easily bias the
results of a study to estimate Type 4 effects, because the
marked fish will be expected to be less fit than the unmarked.
This can be avoided using passive rather than active genetic
marking, using existing fish rather than selectively breeding
fish to mark them Phelps' design is a case in point. The
passive nmarking technique has much [ower statistical power than
the active, however. A second aspect of this problemis the
ultimate genetic change caused in the population by the studY.
It is difficult to avoid manipulating the population allele
frequencies, but allele frequency change can be mnimzed by
using the passive technique wth a marker allele at an
appropriate frequency.

It is as hard to generalize about practical problens
encountered in inplenenting genetic marking studies in the YKFP
as it is to generalize about their design, but genetic marking
studies can easily involve stream test sections, perhaps
limting production opportunities and redUC|n% nat ural spawni ng
or rearing habitat. If a marker strain is to be devel oped, this

will require allocation of hatchery resources over a
consi derabl e period. As nentioned above, genetic marking can
easily result in allele frequency change, and this will |1kely

be hard to reconcile with YKFP goals of mnimzing genetic
change.

Direct Measurenment of CGenetic Trend. This is the nost
experimental, highest-tech approach, but also the one with the
most promse. Sperm from several nmales is cryopreserved before
suppl ementation begins. At any desired tinme thereafter, the
eggs fromone group of females will be fertilized by spermfrom
cont enporaneous nales and the eggs from another group of
femles wll be fertilized with cryopreserved sperm The
difference in performance between the two groups wll be soIeIK
enetic. For 1ncreased experinental power, the eggs of eac
emal e shoul d be incubated separatelg and the resulting progeny
reared separately. If they are to be released for evaluation
upon return, thé smolts should receive famly-specific tags.
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For an even nore powerful design, only one grouP of fenal es
woul d be used, but the %P%f of each would be split into two
lots, one to be fertilized by a contenporaneous male and one to
be fertilized by cryopreserved ifernl This approach is the only
one discussed here that would allow genetic changes over
multiple generations to be evaluated easily.

The only theoretical drawback to this approach is fairly mnor:
the cryopreservation of spermonly will not allow expression of
presuppl enentation mtochondrial DNA The analysis wll thus be
a conparison of nuclear DNA of presupplenentation and
suppl enentation fish in a mtochondrial background of
suppl ementation fish only. |If there has been a substanti al
change in the mtochondrial genes due to donestication
selection, this won't be detected. Thus, the inpact will be
under estimated. | don't know what the inpact of selection
shoul d be on nmitochondrial genes.

Sorme of the practical problens have al ready been nenti oned.
Sperm cryopreservation in salmonids is still relatively new,
and therefore sonewhat chancy. Gary Thorgaard at WSU has made
substantial inprovenents in cryopreservation techniques, and
now feels the method is ready to apply to situations like this.
Aside from the technique's newness and potential riskiness, the
only other practical problems are the possible need for
separate-famly rearing, and the |oss of production capability
that devoting hatchery space to this analysis may incur

Regar dl ess of which approach to Type 4 inpact analysis is taken,
choice of traits to be evaluated is critical. Traits nust first and
forenost be relevant to production and conservation ?oals;
reproductive traits are obvious choices. They should also be
relatively insensitive to environmental influences; the nore
environnental noi se encountered, the harder it will be to find the
enetic inpact. Another consideration is variance; we'll be |ooking
or changes in nean, so low variance wll provide higher
statistical power. Finally, the traits should be relatively sinple
and inexpensive to neasure.

OTHER CONSI DERATI ONS

Separating Ant hronoaeni ¢ Impacts from Evol ution

| spent some time on this in discussing Type 3 inpacts, but should
have addressed it throughout. Qur ability to discrimnate between
natural and suppl ementation caused changes is limted, especially
wi th sone proposed designs. Wen we're |ooking at options, we need
to consider them wth this in mnd, =~ For exanple, t he
cryopreservation approach to nmeasuring genetic trend is extrenely
powerful for measuring genetic change over tine, but you can't
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unequi vocal Iy say the changes you've neasured are caused solely by
suppl enentation. Wth the single-generation approach, you can be
much nore confident (although not 1009% .

Sample Sizes, sampling Freouencv, and Statistical Power

In the discussion above | haven't mentioned any specifics about how
much, how often, and how powerful our analysis will be. | have some
i deas about particular items, but no generalization is possible at
this point. W need to narrow the options down as nuch as we can
(do the Dbest job possible of answering what) then explore these
aspects of the nonitoring program |In nost cases these questions
can be answered quite easily, and we can start devel oping cost
esti mates.

Core Data

At the MEG work session on genetic inpact assessment the concept of
core data was di scussed. The basic idea is that there are certain
data that should be collected in all production efforts, data that
wi Il aid both production nonitoring and genetic nonitoring. W
tal ked specifically about denographic data such as age structure,
sex ratio, escapenent, fecundlny, and variance of tTamly size.
Careful nonitoring of these would incur a logistical and financia
load, but good estinmates of these paranmeters are inportant for
estimates of effective population size, which wuld aid in
assessing Type 2 and 3 inpacts, and for serious work on Type 1
i mpact, as well as generally increasing the overall ecological
understanding of our populations. | think it's difficult to argue
that increasing one's understanding of the denographics of a
popul ation is not useful.

Hat chery Mdifications

It may be desirable to have the capability of rearing famlies of
fish individually. Current hatchery plans for the YKFP don't allow
for this, so nodifications will be needed if this capability is
required. One application of this capability is estimation of
famly size variance. This is the one key conponent of effective
population size that is wvirtually always mssing from N,
calculations, and it can have a profound effect. Somewhere in the
Col unbi a basin someone should try to estimate effective popul ation
size carefully, and if not in the YKFP, then where?

Individual rearing of families will also nake heritability
estimates possible, desirable for assessnment of Type 2 risk.
Undoubt edly other needs for individual famly rearing will arise as
work proceeds; for this to be a good experinental facility where

97




serious genetic research can be done, we need to be able to rear
fish this way.

Overall and svecific Monitoring

Recent discussions within the Joint Reproductive Success/Long Term
Fi t ness Team have reveal ed a perceptual distinction regarding the
GW. There are actually two needs to be fulfilled by the GW: 1) an
overal |l need to nonitor genetic change, assunming the entire YKFP is
the experiment (i.e, to answer the question of how little genetic
change can we incur and still have a state-of-the-art
suppl ementation progran®?); and 2) specific needs to answer the
question of what genetic changes are brought about by particular
suppl enentation experiments. The nethodol ogies wll probably not
differ substantially, but experinmental power will differ markedly
in the two approaches.

SUMMARY RECOMVENDATI ONS

The distinction between overall and specific nmonitoring needs nust
be clearly delineated by the LTF and RS teans before any further
progress can be made in devel opnent of the GW, so this should be
a major topic of discussion for the teans at the earliest
8£Bortun|ty. Once this natter is settled, work can begin on a draft

The first step in the devel opnent of the draft GW should be for
the LTF and possibly RS teans to take an initial cut at the options
avai l able for nmonitoring each type of inpact, resulting in a GW
skeleton. WDF will do nuch of this, but there will have to be a
substantial anmount of full team participation on the subject of
quantitative variation, specifically regarding life-history and
mor phol ogi cal response variables. The core-data concept will also
have to be nore fully discussed. V¢ expect that Mchael Lynch, the
YKFP genetics consultant, wll be quite active participant in
devel opment of the GW, beginning with this stage.

Once the skeleton GW is devel oped, an analysis of experinenta

power will be done to show what |evel of genetic inpact can be
measured at what effort and cost. Just as a mninmum viable
popul ati on size has to be defined in terns of probability of
popul ation persistence over a given period of time, the nonitorin

program power Wi ll have to be defined in terns of probability o

detecting a specified Percentage change over a specified tine
period. The evaluation of power wll probably have to be done using
a stochastic nodel .

After the power calculations are done, the cost and effort of
moni toring change at specified levels will be assessed. As already
stated in the background docurment, design of the YKFP GW shoul d
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not be initially limted by cost. In devel opi n% a conprehensive GW
we are plowing new ground; it is vital for both this effort and
future nonitoring efforts to do a thorough anal ysis of how nmuch a
given level of nmonitoring will cost.

The resulting draft GWP should be widely circulated for reviewto
interested geneticists, preferably as part of the next revision of
t he ﬁeneu c risk assessment. A possible (and desirable) byproduct
of the devel opnent process is a genetic nonitoring nmanual.

Work should begin now in earnest to develop the GW draft. It is
needed in the short run for further revision of the genetic risk
assessnment. In ternms of |ong-term consideration, devel opment of the
final GW will be a |engthy process, so we need to get this initial
draft devel oped as soon as possible.
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S8CALE PATTERN AGE/LENGTH ALYSIS OF
1989 AND 1990 YAKIMA RIVER ADULT SPRING CHINOOK

| NTRODUCTI ON

The follow ng section describes age and growth anal yses of 1989 and
1990 returning adult Yakima River spring and fall chinook sal non
oncorhynchus tshawytscha related to the prefacility phase of the
YKFP. The pre-inplementation process requires the identification
and characterization of existing substocks in terns of genetics,
life history traits, growh, and age

The purpose of this portion of the study is to describe the
characteristics of adult Yakim R ver spring and fall chinook
collected in 1989 and 1990 based on age, length, and sex and to
determne if scale pattern analysis can be used to characterize and
separate naturally rearing groups of spring chinook

METHODS

Sample Col | ection

Scal e sanples were collected from snagged live fish or carcasses
recovered on the spamnin%_grounds for genetic stock identification
(6sx) analysis by Washington Departnent of Fisheries (WDF)
personnel. Nne areas within the Yakima R ver were sanpled
representing seven groups of spring chinook and two groups of fall
chi nook: Anerican River, Bunping River, Naches River, Little Naches
River, Yakima R ver (Easton), Ce Elum R ver, and Yakinma R ver
(bel ow Roza). Six scales per fish were collected from the
International North Pacific Fisheries Conm ssion preferred body
area éhhjor et al. 1972) and nmounted, at the tinme of collection, on
gummed scale cards. Post-orbital to hypural plate (POHP) lengths to
the nearest cmand sex were al so recorded. Acetate inpressions of
the scales were nade (Clutter and Wi tesel 1956) and subsequently
used in ageing and neasuring scale patterns.

Aae Analvsis

A total of 505 fish were collected in 1989 and 348 in 1990. Scales
were aged by two WDF scal e anal ysts using a mcro-fiche reader at
24 and 48 X Unaged scal e sanples were either regenerated, obscured
by dirt, mssing, or nmounted upside down. Wen age determ nations
for a fish differed between anal ysts the fish was reaged by both
analysts and a consensus reached. The European form of age
designation is used for adult ages in this report (Koo 1962). For
exanpl e, age 1.3 designates that one conplete wnter was spent in
freshwater after hatching (the nunmeral to the left of the decimal
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point) and 3 conplete winters were spent in the ocean (the nuneral
to the right of the decimal point) and the fish is inits fifth
total year of growh. The Glbert/Rch formof age designation
woul d represent an age 13fish as 5, and an age 0.3 fish as 4,.
Juvenile fish which have not conpleted one full year in freshwater
are designated age 0+ and those that have conpleted one year are
desi gnated age 1+ (yearlings).

Scal e Pattern Measurenents

A m croconputer/vi deo-canera based digitizing system was used to
nmeasure scale patterns. The distance fromthe center of the focus
to the outer edge of the first circulus (the dark concentric bands
on scales) and the intercirculus distances between the first 34
circuli were measured to the nearest 3.2 mcrons (the wdth of a
digital sanpling unit) along a neasurenment axis 90° (+1 degree) to
a reference line (Fig.6). The reference line is constructed by
connecting the two ends of the first marine annulus in the area
where the posterior and anterior portions of the scale neet.
Intercirculus measurements were converted via a FORTRAN programto
11 scal e character variables by conbining consecutive sets of three
intercirculus distances into "triplets™ (Table 15).

Tabl e 15. Scal e character variables used in scale
pattern anal ysi s for group
di scrim nation. Al variables are
di stance neasurenents in mcrons.
Vari abl e nane Definition
Focus The di stance fromthe center of the focus to the

outer edge of the first circul us.

T1 The first intercirculus triplet beginning at the
outer edge of the first circulus and extending
out to the outer edge of the fourth circulus.

T2, T3, The distance fromthe outer edge of circulus

..., T11 ((3*i)-2) to the outer edge of circulus
((3*i)+1) where i equals 2, 3,..., 11 and i
represents the trivlet of interest.
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Measurement line

Fig;G. An adult 1986 Skykomish Hatchery eoho salmon scale. showing the
measurement line, reference line, center of the focus and the 34th circulus.




Li near D scrimnant Function and Canonical Variates Analysis

Two statistical nethods were used to exam ne scal e neasurenents and
i dentify groups of spring chinook possessing distinct scale
patterns: linear discrimnant function (LDF) analysis and canoni cal
variates (CV) analysis. The BVDP 7M discrimnant analysis software
was used to performthe LDF and CV anal yses (Jennrich and Sanpson
1988). Wen the basic assunptions of equal covariance structure and
multi-variate normality are meet, LDF and CV analysis give
identical classification results (WIllians 1983). In CV analysis,
the scale variables entered into the first |inear discrimnant
function are weighted so that anmobng-group variation is nmaxim zed
relative to within-group variation (Lachenbruch and CGol dstein
1979). The coefficients for another set of cv's are calcul ated
along an axis orthoginal (at a 90° angle) to the first axis and the
scale variables are again weighted so that group differences are
maxi m zed along this second axis. This procedure is repeated for
each successive canonical variate until there are up to g-1 or p
CV's, Wwhichever is snaller, mhere_ﬁwis t he nunber of groups and p
I's the nunmber of scale variables. e first two canonical variates
typically explain 70 percent or nore of the total variation in the
model . Knudsen (in press) used two-dinensional plots of the first
two cv to geonetrically describe the rel ati onshi ps of groups of
coho sal non. G oups separated by large distances have dissimlar
scale patterns, indicating growh rates differed significantly,
while closely spaced groups have simlar scale patterns and cannot
be accurately separated. In each LDF and CV anal ysis below, the 12
scal e variables were forced into the discrimnant functions. That
is, no variable selection procedure was used.

cv's are standardi zed al ong each orthogonal axis so that the
overall nean is 0 and pool ed within-groups standard deviation is 1
This is conparable to standardizing to the z-distribution in the
uni variate case by subtracting the mean and dividing by the
standard deviation. Thus, distances along each axis in a CV plot
gre di mensioned in terns of the pooled w thin-groups standard
evi ati on.

Ceneral Sinmul ation Mt hods

Sinul ation anal yses were performed using a FORTRAN program written
by MIllar (1988) and configured for use on WDF's PRI ME conputer by
J. Packer, WDF. The program creates simulated m xture and standard
sanples and estimates m xing proportions using LDF analysis with
error correction. A classification rule consisting of I|inear

functions based on standard sanples is used to calculate the
l'i kel i hood of observing a fish's nmeasurements if that fish was from
group i, i=1,..., nunber of groups (Lachenbruch 1975). The fish is
then classified into the group for which the likelihood is highest.

The program uses the apparent error rate matrix rather than the
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j ackknifed error matrix (Lachenbruch and M ckey 1969) for
correcting classification results for bias in the classification
rule that occurs when estinates of group conposition are nmade (Cook
and Lord 1978). Wen standard sizes are |arge enough (>100) the
di fference between the apparent and jackknifed error rate estinmates
will be small (MIllar 1988). |In order to ensure that corrected
conposition estinmates are constrai ned between 0 and 1, the nethod
of Cook (1983) is used.

The sinul ation anal yses attenpt to reproduce the randomess
involved in practical sanpling applications. A set of neasurenents
from known origin standards is required. To sinulate new standards
and mixed sanples, the given standards are sanpled wth
replacement. Thus, to sinmulate creation of a 200 fish standard from
group i, the group i standard is sanpled 200 tines wth
replacenent. M xture sanples are created by randonmly varying each
standard's proportion in the mxture. That is, for any given
m xture sanple the known proportion of stock i can vary fromO to
1 (determ ned by a random nunber generator) and the required nunber
of fish are then sanpled from stock i wth replacenent. Each
simulation involved estimating a m xture's conposition using
bootstraPped standards and this process was repeated 400 times for
each analysis. Millar's programwas nodified to calculate the error
in each estimate, defined as the difference betwen the known and
estimated proportion of each qroup in the mxture. The nmean of the
errors is a neasure of overall bias of the nodel and the standard
deviation of errors is a neasure of the nodel's precision
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Table 16. Nunber of fish aged and digitized, percent age
conposi tion, and mean length (POHP) and standard
deviations for 1989 and 1990 Yakinma River spring chinook
by grouﬁ, age, and sex. Mean aqe of feral e reproduction

g :

for eac roup is given, as wel
Nunber Number Mean POHE  Mean age of female
Race Group Year Age Sex aged Percent digitized length - cm reproduction
Spring Anerican 1989 1.1 mile 0 0 0 3.9
Ri ver femal e 0 0 0
1.2 mle 27 33.3 20 59 (5.5)
femal e 3 3.7 1 59 (4.4)
1.3 male 21 25.9 17 76 (6.9)
femal e 30 37.0 20 73 (3.1)
1990 1.1  mle 1 1.1 0 40 (0.0) 3.9
femal e 0 0 0
1.2 mle 12 13.5 0 61 (6.4)
femal e 7 7.9 0 61 (2.4)
1.3 male 24 27.0 0 74 (6.1)
femal e 44 49. 4 0 73 (3.2)
1.4 mle 1 1.1 0 75 (0.0)
femal e 0 0 0
Spring Bunping 1989 1.1 male 0 0 0 3.7
Ri ver femal e 0 0 0
1.2 male 7 31.8 5 59 (3.8)
femal e 4 18.2 3 60 (1.3)
1.3  male 3 13.6 1 68 (2.6)
female 8 36.4 2 73 (4.7)
1990 1.1 male 0 0 0 3.5
femal e 0 0 0
1.2 mle 8 20.0 0 59 (9.2)
femal e 10 33.3 0 60 (4.5)
1.3 mle 4 13.3 0 74 (4.7)
femal e 10 33.3 0 69 (3.2)
Spring Naches 1989 1.1  mle 3 4.1 1 46 (9.6) 3.7
Ri ver femal e 0 0 0
1.2 mle 28 37.8 20 57 (4.1)
femal e 10 13.5 10 63 (2.6)
1.3 mle 8 10.8 7 75 (4.5)
femal e 25 33.8 17 70 (4.2)
1990 1.1 male 0 0 0 3.3
femal e 0 0 0
1.2 mle 25 41.7 0 57 (5.4)
femal e 19 31.7 0 61 (3.9)
1.3 mle 8 13.3 0 73 (4.5)
femal e 8 13.3 0 73 (4.1)
Spring Little 1989 1.1 male 0 0 0 3.7
Naches femal e 0 0 0
1.2 mle 11 28.2 9 56 (5.1)
femal e 8 15. 4 4 61 (1.5
1.3 mle 8 15. 4 5 75 (5.6)
femal e 18 41.0 13 71 (3.2)
1990 1.1 male 0 0 0 3.8
femal e 0 0 0
1.2 mle 10 50.0 0 57 (3.8)
femal e 2 10.0 0 60 (0.0)
1.3 mle 2 10.0 0 67 (4.9)
femal e 6 30.0 0 67 (5.4)
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Tabl e 16. (cont.)

Number Nurber Mean POHP Mean age of female
Race Group Year Age Sex aged Percent digitized length - cm reproduction
Spring Yakima R 1989 1.1 mal e 3 3.1 2 42 (5.2) 3.1
Easton female 0 0 0 -—
1.2 mal e 33 34.0 18 55 (3.8)
femal e 53 54.6 27 57 (3.3)
1.3 mle 2 2.1 1 73 (1.4)
femal e 6 6.2 5 66 (4.1)
Spring e Elum 1989 1.1 male 0 0 0 --- 3.0
Ri ver femal e 0 0 0
1.2 mle 32 33.7 13 58 (3.6)
femal e 59 62.1 36 56 (3.0)
1.3 mle 2 2.1 0 73 (3.5)
feml e 2 2.1 1 65 (2.1)
Spring Yakima R 1990 1.1 male 0 0 0 3.0
(Easton and female 0 0 0 -—-
Cle Elum) 1.2 mle 15 32.6 0 57 (4.5)
femal e 31 67.4 0 55 (3.0)
1.3 mle 0 0 0
female 0 0 0
Spring Yaki ma 1989 1.1 mle 0 0 0 3.0
bel ow Roza feml e 0 0 0
1.2 mle 1 0.3 0 56 ¢ 0)
femal e 11 91.7 9 56 (2.0)
1.3 mle 0 0 0
femal e 0 0 0
1990 1.1 mal e 1 1.0 0 36 (0.0) 3.0
female 0 0 0
1.22 mle 33 31.7 0 55 (3.4)
feml e 67 64. 4 0 56 (2.9)
1.3 mle 1 1.0 0 64 (0.0)
femal e 2 1.9 0 70 (0.7)

2 This excludes 5 fi sh which were not sexed.
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RESULTS AND DI SCUSSI ON

Chi nook sal non age conpositions by race (spring and fall), group
and sex are given in Tables 16 and 17. Mean POHP length and the
nunber of fish digitized for scale pattern analysis are also given
in Tables 16 and 17. Al adult spring chinook recoveries mgrated
to the ocean as age 1+ smolts. The Naches sgstenwgroups wer e
primarily age 1.3 (nean 53 percent in 1989 and 47 percent in 1990)

and age 1.2 (mean 45 percent in 1989 and 52 percent in 1990). Age
1.1 jacks were found only in the 1989 Naches River (4 percent),

1990 Anerican River (1 percent), 1989 EastonE§3 percent), and 1990
Bel ow Roza (1 percent) sanples. Easton, Ue Elum River, and bel ow
Roza spring chinook sanples ranged from89 to 100 percent age 1.2
in both 1989 and 1990.

Nearly all adult fall chinook sanples mgrated to the ocean as age
0+ snmolts. Only one age 1.1 and one age 1.3 fish were recovered in
the 1990 Benton City sanple. Fall chinook ages varied considerably,
but were primarily age 0.2 (range 7 to 74 percent) and age 0.3
(range 0 to 75 ﬁercent). The 1989 and 1990 Marion Drain sanples
were unique in that they contained 25 and 23 percent age 0.1 jacks,
a much hi gher percentage of jacks than any other group of fall or
spring chinook.

Significant di fferences (pP<o0.001) in length were found between age
1.2 and 1.3 1989 Naches systen1ch|nook in a tw-way anNova of |ength
by group (American, Little Naches, and Naches) and age (1.2 and
1.3). There were no significant group (P>0.26) or interaction
effects (p>0.13) indicating that the lengths of age 1.2 and 1.3
fish were simlar across groups. Thus PCHP length may accurately
predict age of 1.2 and 1.3 fish fromthe Naches system Only groups
with at least 10 fish per group/age cell were included in this
anal ysis. There were insufficient sanples to include groups outside
}he ﬁ?ches system or to nake a neaningful test of sex effects on
engt h.

The accuracy of POHP length as a predictor of age of spring chinook
from throughout the entire Yakina River system was then tested
using LDF analysis. Lengths of 1989 spring chinook were pool ed by
age class to create an age 1.2 (n=286) and 1.3 (n=129) Sstandard.
An LDF anaIKsis was then perforned using these two standards with
POHP | ength as the discrininatinﬂ vari able. This two-way age
1.2/1.3 nodel had an overall unweighted classification accuracy of
96 percent (age 1.2's 97 and age 1.3's 94 percent correctly
identified). Conputer sinulations (see General Sinulation Methods
above) using these two standards had a mean error of less than 0.5
percent over a wide range of m xing proportions and approxi mately
95 percent of the age estimates fell within 7 percent of their true
value. There were not sufficient nunbers of age 1.1's to establish
a statistically neaningful standard and include themin this

anal ysi s.
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Table 17. Nunber of 1989 and 1990 Yakina River fall chinook aged
and digitized, percent age conposition, and mean |ength
(POHP) and standard devi ations by group, age, and sex.
Mean aPe of femal e reproduction for each group is given,

as wel
Number Number Mean POHP Mean female age
Race G ow _ Year Ag Sex axed Percent digitized lemgth - cm of reoroductfon
Fall Benton 1989 O.: male 0 0 0 --- 2.5
city female 0 0 0
0.2 male 0 0 0 -—-
femals 3 50.0 0 55 (1.2
0.3 mle 2 33.3 0 81 (4.9)
female 0 0 0 -
0.4 mal e 0 0 0
female 1 16.7 0 73 ¢ 0)
1990 0.1 male 7 6.6 0 39 (2.4) 3.0
fenal e 0 0 0
0.2 male 5 4.9 0 55 (4.7)
female 3 2.9 0 60 (8.7)
1.1 male 1 1.0 0 48 (0.0)
female 0 0 0
0.3 mle 26 25.2 0 71 (5.6)
female 51 49.5 0 70 (5.0)
1.3 male 1 1.0 0 71 (0.0)
female 0 0 0
0.4 male 5 4.9 0 79 (2.2)
femals S 4.9 0 75 (1.9)
Fal | Marion 1969 0.1 male 21 24.7 0 41 (3.1) 2.0
Drain female 0 0 0
0.2P male g2 44.7 0 52 (3.5)
female 252 29.4 0 57 (4.6)
0.3 mal e 0 0 0
fenal e 0' 0 0
0.4 mle 1 1.2 0 78 ( 0)
femal e 0 0 0
1990 0.1 @male 14 23.3 0 41 (3.2) 2.7
female 0 0 0
0.2 male 20 33.3 0 53 (4.1)
femal e 6 10.0 0 58 (6.5)
0.3¢ 0 aa 5 a.3 0 66 (5.3)
female 15 25.0 0 65 (4.3)
0.4 mal e 0 0 0
female 0 0 0

3 This excludes 1 fish which was not measured for |ength.
b This excludes 6 fish which werenot sexed.
€ This excludes 2 fish which werenot sexed.

Thonmpson (1987) suggests a sanple size of 510 ageable fish to
estimate age conposition given 3 or nore age classes wih
mul tinom al distribution, an alpha Ievel of 0.05 and a m ni num
detectabl e difference of 0.05 between the sanple estimate and the
true popul ation age proportion. Sanple sizes this large are
unlikely to be collected wthin the Yakima River. Based on
Thonpson' s reconmendations, a mnimumof at |east 150 ageable fish
per stratum (e.g. substock baseline sanple or fishery sanple)
should be collected for prelimnary age conposition estimation

This will result in at | east 95 percent probability that each
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esti nmat ed a?e proportion will be within a mninmm detectable
difference of 0.09 of the true proportion given three or nore age
classes. In order to neet the mninmum 150 ageable fish goal, at
| east 200 fish should actually be sanpled to conpensate for fish
Wi th unusabl e scales due to regeneration, mssing sanples, and
scal es nounted upside down. Six scales per fish should be collected
in order to reduce regeneration rates (Knudsen 1990).

Yaki ma I ndian Nation (YI'N) personnel collected spawni ng ground
scale sanples in addition to the fish which were GSI sanpl ed.

However, an unknown nunber of these fish were scale sanpled by both
WDF and YI'N personnel. Increasing the sanple size by including YIN
sanples wll inprove the precision of age estimtes and al so extend
the tenporal representation of nost groups. In the future it is
recommended that sonme technique be used to identify carcasses or
live fish which have been scale sanpled by either WDF or YIN
personnel, e.g. cutting caudal fins of sanpled fish, so that no
duplication of effort occurs.

Sex Ratios

Male to female ratios in Naches system sanples were nearly 1:1
(1989 weighted mal e mean 53 percent; range of 44 to 59 percent;
1990 wei ghted nmal e nmean 41 percent, range of 33 to 60 percent).
The other Yakima R ver spring chinook groups were nore heavily
wei ghted toward females (1989 and 1990 wei ghted nal e nean 35
percent; nmale range of 8 to 46 percent).

Marion Drain fall chinook sanples were primarily male (71 and 65
ercent male in 1989 and 1990, respectively) due primarily to the
arge proportion of jacks. Conversely, Benton City fall chinook

were 33 and 43 percent nmale in 1989 and 1990, respectively.

Mean Aae of Fenml e Reproduction

Heal y and Heard (1984) found that nean age of fenmle reproduction
was positively correlated with fecundity at a standardized |ength
of 740 mmin chinook. "Mean age of fenale reproduction" i s defined
here as the nean age of recovered female carcasses within a group,
with "age" being defined as the total nunmber of conpleted years of
life, i.e. an age 1.3 fish has an "age" of 4 years.

Mean age of fenale reproduction for Naches system spring chi nook
ranged from 3.3 to 3.9 years, while other Yakim River spring
chi nook groups ranged from 3.0 to 3.1 years (Table 16). Female
Marion Drain fall chinook sanples had a nean reproductive age of
2.0 and 2.7 years in 1989 and 1990, respectively, while the Benton
City 1990 sanple had a nean of 3.0dyears (Table 17). The 1989
Benton City sanple is not considered since it contained only 6
fish. Based on Healy and Heard's results, this data woul d suggest
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t hat Naches system spring chinook are nore fecund at a standard
l ength than other spring chinook groups within the Yaki na system
and that spring chinook should be nore fecund than Marion Drain
fall chinook at a given length. In addition, Benton Cty fal
chinook fecundity may be conparable to mainstem and upper Yakina
spring chinook, based on their simlar nean age of fenunle
reproducti on.

Mean age of female reproduction also influences effective
Populatyon size. The mean age of female reproduction or generation
ength in Pacific salnon is directly related to the nunber of
effective spawners in a popul ation (Waples et al. 1990), that is,
the nunmber of effective breeders times the average age of female
reproduction equals the effective popul ati on size. Thus, nmean age
of fenmale reproduction is a variable affecting a significant facet
of reproductive success (fecundlty? and popul ati on genetics
effective population size) and should be nonitored over tine to
eterm ne pre-supplenentatlon val ues and year to year variation
within the identified substocks. Post-supplenentation monitoring of
age and sex conposition should continue in order to docunent any

change in nmean fenale age of reproduction that nmay occur

Spawni ng ground recovery rates of chinook, chum (0. keta), coho (0.

ki sutch) and sockeye (0. nerka) sal non carcasses have been shown to
be biased in many, though not all, studies (Peterson 1954, Cutter
and Wi tesel 1956, Eames et al. 1983, Sykes and Botsford 1986).

Typically, larger fish are recovered at higher rates than snaller
fish and females at higher rates than males due to larger fish
being bigger "targets", female behavior patterns that nmake them
less likely to be washed downstream after dying, and predators and
currents renoving smaller fish fromrecovery areas at higher rates.

This can result in large fenmal es being recovered at tines the
rate of small nmales (Clutter and Wiitesel 1956). Stream norphol ogy
and water clarity wll also influence recovery rates. The 1989 data
presented above exhibit no trend in the nale to fenale ratios
across all the groups that would indicate a consistent bias toward
hi gher recovery rates for females in all streans. If there is a
mal e/ femal e recovery rate bias, it is stream specific and, w thout
knowi ng the true age and length distributions by sex for individual

streans, the bias cannot be estimated. W do have estinmates of the
percentage of wild spring chinook jacks passing upstream at both
Prosser and Roza in 1989 (6 percent at both facilities) based on
fish size recorded on video tapes (M ke Cohn, YIN, pers. comm.,
1990). However, no test of the accuracy of the video tape age
estimates has been made and the Prosser right bank |adder tends to
pass fish of smaller size than the other two |adders (B. Watson,

YIN, pers. comm.). Six percent of the 414 aged spring chi nook
represents 25 jacks, however only 6 jacks were actually recovered
on the spawning grounds. There is a significant difference between
t he observed and expected jack recoveries in 1989 (x*= 10.8 with
Yat es correction, df=1, P=0.001), indicating spring chinook jacks
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may be under represented in the spawning ground sanples, provided
the estimate of 6 percent jacks at Prosser and Roza is accurate.

Scal e Pattern Analvsis of 1989 Natural Sprina Chi nook G oups

Two-way aNovAa of scal e neasurenents was used to estimate group
(Anmerican, Naches, and Little Naches), age (1.2 and 1.3), and
interaction effects (Table 18). G oups having | ess than 10 fish
W t hin each group/age cell were not 1ncluded. Significant group
effects were found for variables T1, T4, T8, and T9 (P<0.01)
indicating there may be sone potential for ?roqp di scrimnation
based on scale patterns, although statistical significance al one
does not inply h|?h classification accuracy. No variable had a
significant age effect (p>0.08) and only variable T3 had a
significant group/age interaction effect (P<0.01). Since age was
not a significant factor, ages were pooled within the spring
chinook groups in the anal yses bel ow. Scal e variable nmeans for each
group are given in Table 19.

Table 18. Results of two-way aANovA of group (Anmerican, Little
Naches, and Naches rivers), age (1.2 and 1.3), and
group/age interaction source effects for 12 scale
variables (see Table 15 for definitions of scale

vari abl es).
Scal e Probabilitv values for source effects
variabl e Group Age Interaction
Focus 0.59 0. 66 0. 48
T1 <0.01 0.31 0.81
T2 0. 07 0.08 0. 46
T3 0. 32 0.33 co. 01
T4 0.01 0.83 0.18
T5 0.09 0.17 0.92
T6 0. 24 0.51 0.22
T7 0. 16 0. 37 0. 26
T8 <0.01 0.91 0.63
T9 0.01 0.49 0. 82
T10 0.39 0. 67 0.92
T11 0.84 0. 68 0.99

112




Table 19. Spring chinook sal non scal e variable nmeans and standard
deviations in mcrons by group (pooled over ages 1.2 and
1.3). The Leavenworth Hatchery group is included for

compari son purposes. Scale variables are defined in
Tabl e 15.
Mean in nmcrons (sd) by group
Scal e variable Anmeri can Bumping Naches L Naches Cl e Elum Easton Bel ow Rosa Leavenworth H
Focus 79 (11) 85 (10) 77 (11) 79 (11) 79 (11) 79 (11) 80 ( 8 80 (11)
Tl 93 (16) 88 (12) 83 (12) 83 (12) 88 (13) 83 (15 93 (14) 91 (13)
T2 68 (14) 63 (12) 64 (10) 64 (10) 68 (11) 62 (10) 64 ( 8) 71 (10)
T3 60 (12) 59 ( 9) 58 (10) 61 (11) 61 ¢10) 55 ( 9) 56 (15) 70 (12)
T4 59 (10) 53 ( 4) 53 ( 9) 59 (10) 54 (10) 52 (11) 57 (10) 72 (14)
TS5 62 (13)° 69 (11) S6 (10) 60 (14) 58 (15) 59 (15) 65 (23) 72 (14)
T6 70 (17) 71 (10) 65 (14) 70 (19) 71 (19) 72 (20) 73 (14) 64 (14)
T7 81 (25) 87 (18) 74 (16) 83 (17) 76 (16) 82 (19) 79 (24) 66 (13)
T8 101 (29) 101 (28) 04 (18) 86 (23) 93 (28) 90 (¢23) 87 (18) 78 (22)
T9 117 (33) 118 (35) 100 (28) 107 (19) 109 (32) 109 (26) 114 (32) 101 (33)
T10 127 (25) 116 (24) 123 (28) 129 (26) 118 (27) 121 (23) 121 (31) 132 (29)
T11 126 (31) 134 (25) 128 (24) 130 (24) 132 (21) 120 (21) 123 (24) 137 (23)

A LDF analysis of the 7 natural spring chinook groups resulted in
j ackkni fed classification accuracies ich were generally very | ow
(<27 percent correctly identified for any group; Table 20),
i ndicating that accurate conposition estinmates for each of these
roups are not possible. Jackknifing is one nmethod of reducing
ias in the estimated msclassification rates and is nost effective
when the sanple sizes for standards are relatively small, as they
are in this particular analysis.

Tabl e 20. Jackknifed classification matrix for the 7 natural grougs
of spring chinook. Classification results along the
underlined diagonal are the percentage of fish correctly
classified into each group.

Percentage of fish classified into _each group Sample
Group Amer Bump L Nach Nach C Elum Easton B Rosa size
American A7 9 12 19 5 7 31 58
Bumping 9 27 9 0 9 18 27 11
L. Naches 13 13 286 23 6 10 10 31
Naches 9 5 20 18 16 18 13 55
Cle Elum 18 18 10 12 22 6 14 50
Easton 4 19 11 13 17 26 9 53
Bel ow Roza 33 22 0 0 11 2 2 11 9

Mean unweighted classification accuracy = 21 percent
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Tabl e 21. Euclidean distance between pairs of 1989 spring chinook
groups 1 n seven-di nension canonical variate space.
Di stances are dinmensioned in pool edw thin-group standard
devi ati ons.

Group D stance between paired groups
American Bumping L Naches Naches Cle Elum  Easton Below Rosa  lLeavenworth H
American R 0.00

Bumping R 1.46 .00

L Naches R 1.15 1.47 .00

Naches R 1.02 1.60 .78 .00

Cle EumR 0.85 1.39 1.02 .79 .00

Easton 1.13 1.32 .91 .78 1.02 .00

Bel ow Roza 0.97 1.37 1.21 1.23 1.21 1.07 .00

Leavenworth B 2.20 2. 69 2.11 2.30 2.31 2.75 2.18 .00

Bet ween- group conparisons of naturally rearing 1989 return Yakima

River and 1988 return Leavenworth Hatchery (Wnatchee River) sprin

chi nook scale patterns were nade using plots of the first an

second CV. Leavenworth Hatchery spring chinook were chosen because
they were felt to be a reasonable representation of how the scale
patterns of supplemented spring chinook in the Yakima R ver m ght
appear. The first and second canonical variables explained 91
percent of the total variation. Plots of the first two canoni cal
variables are shown in Fig.7. Between-group distances in canonica

variate space are given in Table 21. Between-group distances wthin
t he natural roups were ?enerally smal |~ (nean between-grou

distance = 1.1) and parallel the |ow classification accuracies o

natural groups seen in Table 20. D stances between the Leavenworth
Hat chery and natural groups were nuch greater (nean between-group
distance = 2.4). Since it is not possible to discrimnate
accurately between the naturally rearing groups based on scale
patterns, these groups should be conbined into one |large natura

group in future analyses.
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Fig.7. Goup centroids for 1989 Yakima R ver natural and 1988
return Levenworth Hatchery spring chinook based on canoni cal
variates analysis of scale patterns.

The simlarity in scale patterns between natural spring chinook
groups is probably due to juveniles fromdifferent natal streans
experiencing considerable overlap in rearing habitat resulting in
simlar patterns of growth. It is believed that about 30 percent of
Amrerican Rver fry begin to distribute thensel ves downstream out of
the Anerican River soon after emergence (D. Fast, YIN pers. comm.,
1990). This general trend of juvenile spring chinook noving
downst r eam ear ?/ intheir life is true throughout the Naches system
where apparently each year 50 to 80 percent of the total Naches
outm?ratlon passes Wapatox In |ate fall and early winter (J.
Hubbel , YIN, pers. comm., 1990). Significant fall and w nter
downstream novenent of juvenile spring chinook has been observed at
Roza, as well. As this m Xxture of fish from different natal streams
moves downstream they experience simlar rearing conditions. Thus,
individuals fromdifferent natal streans grow at conparable rates
devel opi ng scale patterns which arenobre simlar than would be
expected had they reared their entire juvenile freshwater period
Isolated within their respective natal streans.
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Nat ur al and Hatchery Svrina Chi nook Group |dentification Anal yses

A two-way LDF analysis of 1988 return Leavenworth Hatchery and
pool ed Yaki ma Ri ver natural spring chi nook groups was nade. The
percentage of fish correctly classified into the Leavenworth
Hat chery and natural group was 83 and 90 percent, respectively.
Simulation analysis showed that over a w de range of m xing
proportions estimtes of hatchery and natural group contribution
were unbi ased with overall nean known conposition and esti mated
conposition equalling 50.4 percent natural and 49.6 percent
hat chery, respectively. The standard deviation of the errors was 5
percent or approximtely 95 percent of the estinmates were within 10
percent of the true val ue.

LDF anal ysis of scale patterns of other Colunbia River hatchery and
nat ur al spr|n% chi nook have resulted in classification accuracies
ranging from 81 to 95 percent (Knudsen and Sneva 1989, Sneva and
Knudsen 1989, Fryer and Schwartzburg 1990), simlar to the Yakim
natural / Leavenworth Hatchery results above. Thus, it is highly
probabl e that scale patterns of hatchery spring chinook reared as
yearlings wll differ significantly from scale patterns of
naturally rearing spring chinook and scale pattern analysis wl

?lve accurate estimates of the proportion of natural and hatchery
bis_h in a Yakinma R ver m xed-group sanple once supplenentation
egi ns.

El enental Analvsis of Scales for Backaround Levels of Trace
El enent s.

Recent work in elenmentally marking mneralized tissues,

particularly scales and otoliths, has shown that the techni que has
the potential for use as a mass marking techni que (Behrens Yamada
and [ligan 1990, Coutant 1990). Naturally occurring differences
in trace elenent concentrations in scales have been used to
identify populations of wld sockeye salnmon, as well (rapi and
Mul | i gan 1981). Coho sal non scal es have been nmarked with a stable
strontiumenriched diet and the mark recovered fromadult returns
18 nonths |ater (Behrens vamada and Mulligan 1982). Recent work at
WDF on newly energent chum and sockeye fry has shown that otoliths
and backbones can be successfully nmarked with a stabl e isotope of

strontiumby imrersing fish for 24 hours in 125 to 9,000 mg/L
strontium chloride solutions (Steve Schroder, WOF, pers. comm.,
1990). An inductively coupled plasma (I CP) nass spectroneter was
used to detect the elevated concentrations of strontiumin otoliths
and vertebrae in chum and sockeye fry 6 weeks after marking. A
recent innovation in |aser mcroprobe analysis has nade it possible
to anal yze very small portions of scales or other hard parts and
identify concentrations of trace elenments that woul d otherw se be
undetectable due to dilution by the surrounding tissues (Coutant,

Oakridge National Lab, pers. comm., 1991). WDF and oakridge
National Lab, in cooperation with CRITFC, are currently witing a
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joint BPA proposal to fund research enploying and further
devel oping this new mcroanal ytical technology to identify natural
subst ocks of spring chinook throughout the Col unbia River drainage
and mass mark experimental and control release groups.

El ements that occur in high concentrations naturally may be useful
in identifying natural substocks and separating early fromlate
m grating spring chinook. The baseline data for the naturall

rearing groups will also be used to assess which elenments wil
likely discrimnate hatchery from naturally rearing spring chinook
as both juveniles and adults. Elements which have |ow

concentrations in natural substocks, |ow variance w thin groups,
and can easily be incorporated into the scales of hatchery fish
will be preferred elenents for marking hatchery rel eases.

Representative scal e sanpl es (n=248) for el emental analysis were
col l ected from Yaki ma Ri ver spring chinook groups in order to
determ ne the background levels of trace elenents in scales (Table
22). Sanmples of scales (12 per fish) were renoved from the
?referred area and placed Into coin envel opes for storage. Sanple

ocation, length and sex were recorded on each envel ope. El erment al
anal ysis of trace elenents in adult Yakima R ver spring chinook
scales will be done as tine and funds becone available. Part of the
BPA proposal wth oakridge National Laboratory will include trace
el ement analysis of natural Yakima spring chinook scales.

Table 22. Scale sanple collections from 1989 returning Yakinma River
spring chinook for determnation of naturally occurring
concentrations of trace elenents.

Nunber of fish

Group scal e sampled
Anerican R ver 56
Bumpi ng Ri ver 26
Naches R ver 45
Littl e Naches River 37
Easton 37
Ce Elum River 37
Bel ow Roza 10
Total sample Size 248

SUMVARY RECOMVENDATI ONS

¢ A sanple size of 200 fish per stratum (i.e. substock baseline
sampl e or fishery sanple) is recommended as a target sanple size
for prelimnary age conposition estimates in order to insure
rel ativel?/ preci se age conposition estimates for these strata.

Sanpl es of this size probably cannot be collected at this tine from
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spawni ng ground recoveries even with tremendous effort but may be
possi bl e at sonme future tine from spawni ng grounds and fisheries.

¢+ Continue to collect age/length/sex data from sub-stocks in order
to determ ne pre-supplenentati on nean age of reproduction, age
conposition, length-at-age, and nale/female ratios.

¢ Construct a weir(s) or utilize an existing adult nonitorin
site(s) which allows all adult fish passing upstreamto be counte
and a known percentage jaw tagged. Conpare the sex conposition, age
conposition, and length-at-age of jaw tagged recoveries made usin
standard spawni ng ground survey techniques to the original tagge
sanple released at the weir in order to determ ne whether spawning
ground recovery data is biased and, if so, how great the bias is.

¢+ FO||OM/1¢) the mean age of female reproduction analysis by
collecting tecundity information fromin-river chinook fis%eries.
At a mninum this will allow refinement of our current estinates
of the length-fecundity relationship through increased sanple size.
Met hods of separating in-river caught spring chinook females into
Naches and upper river groups based on sub-stock differences in
femal e | ength-at-age should also be explored. Possible differences
in fecundity between Naches system and upper Yakina sub-stocks nay
then be estimated. By coIIthin%_saanes fromin-river fisheries
the need to renove pre-spawning fish fromthe spawning grounds is
el imnated. GSI analy5|s will be useful as a nmethod of testing the
accuracy of the age/length sub-stock identification nethod. The
proportion of Naches system and upper Yakinma groups present in a
m xture can be accurately estinmated using GSI (see Chinook GSI
section), although individual fish cannot be accurately identified
with this technique. If GSI analysis confirms the separation based
on femal e age and Ien?th, then we can be nore confident in our
results. However, if GSI analysis identifies significant
Froportlons of upper Yakima fish within the sanple identified from
engt h-at - age anal ysi s as beln? of Naches origin, we can assune
there are problens with the age/length analysis.
¢ Devel op a nethod of agin? adult spring chinook using inage
anal ysis of video tapes of fish taken as they pass upstream at
adult nonitoring facilities. Length (POHP) was shown to accurately
Predlct age in Yakima spring chinook and a nethod of measuring POHP
ength fromvideo i mages of adults as they pass upstream could be
devel oped using inmage processing technol ogy presently used by WF
This nmethod could be used to nore accurately identify the nunber of
jacks passing upstream provide broad based across substock
estimates of age conposition, and identify tenporal trends in
mgration by age/size class.

¢ It is recommended that sone technique be used to identify
carcasses or live fish which have been scal e sanpled by either WDF
or YIN personnel, e.g. cutting caudal fins of sampled fish, so that
no duplication of effort occurs.
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YARIMA STEELHEAD AND RAI NBON TROUT ACE, LENGIH
AND SCALE PATTERN ANALYSES.

| NTRODUCTI ON

The follow ng report describes age and gromﬁh anal yses of Yakim
Ri ver steel head and rainbow trout related to the prefacility phase
of the vakima/Klickitat Production Project (YKPP). The central

hyEotheS|s of the YKPP is that new artificial production in the
Yaki ma R ver can be used to increase harvest and to enhance natura

production without adversely affecting genetic resources (EDWG
1990). The pre-inplementati on process requires the characterization
of existing substocks in terns of genetics, life history traits,

rowh, and age and al so addresses the need to explore methods for
Identifying existing substocks. Species interaction studies have
identified a need to separate juvenile steel head from resi dent
rai nbow trout, as well

The purpose of this report is to describe the age conposition of
juvenil e steel head trout collected in the spring of 1989 and 1990
and adult steelhead collected for broodstock ﬂurposes_in 1989/90.
Scale pattern analysis is explored as a nethod to discrimnate
subst ocks of steelhead'trout and to discrimnate steel head from
resident rainbow trout. Length is evaluated as a method for ageing
smolts passing Prosser. Estimates are made of the age conposition
of resident rainbow trout collected in 1990 and the anount of body
| ength shrinkage occurring during freezer storage, In addition, the
size of scale sanples collected for elenental analysis are
reported.

METHODS

sample Coll ection and Agein

Steel head snolt and rainbow trout scale sanples and fork |engths
were collected by Washington Departnent of Fisheries (
personnel from frozen sanples collected in conjunction wth genetic
stock identification (GSI) anal yses, Rainbow trout scale sanples
and fork lengths were also collected by VﬂshinPton Depart nent of
Wldlife ( personnel. Twelve or nore scales per fish were
generally collected fromthe I NPFC preferred body area. Acetate
I npressions of the nmounted scales were made (Clutter and Witese
1956) and used in ageing and scale pattern neasurenents.

Al'l fish were aged visually using acetate inpressions of scales
under a mcro-fiche reader at 24 and 48 X. A subsanple of adult and
juvenile scale sanples were aged jointly by Bob Leland, WDW and
Curtis Knudsen, WDF, and nethodol ogies were informally conpared to
insure that ageing techniques and criteria were consistent between
anal ysts. The European form of age designation is used for adult
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ages in this report (Koo 1962). For exanple, age 1.3 designates
that one winter was spent in freshwater (the numeral to the left of
the decimal point) and 3 wnters were spent in the ocean (the
nunmeral to the right of the decinmal point). Juvenile fish ich
have conpl eted one year are designated age 1+, two years age 2+,
etc

St eel head snolts were collected at Prosser, Wapatox, and Roza
di version dans and satus, Logy, and Dry creeks for GSI and scale
anaIYS|s pur poses by Yakima |ndian Nation SYIN) ersonnel . Adult
st eel head scal e sanpl es (n=52 fish) were collected from broodstock
t aken between 10/18/89 and 1/23/90 at Prosser Dam Fork |ength,
date of capture, and the sex of each fish were recorded.

SCALE PATTERN MEASUREMENTS

Scal e pattern nmeasurenments to the 34th circulus were made using the
same equi pnent and techni ques enployed in the spring chinook scale
pattern anal yses (see Chi nook substock |dentification section).
The twel ve variables nmeasured are given in Table 23. In sone cases,
smal|l fish were not |arge enough to have 34 conplete circuli on
their scales. In such cases the last one or two intercircul us
nmeasurenents were dropped so that only complete triplets were used.
These fish would then have | ess than eleven triplet variables
describing their scale patterns.

Tabl e 23. Scale character variables used in scale pattern analysis
for group discrimnation. Al variables are distance
measurenents in mcrons.

Vari abl e nane Definition

Focus The distance fromthe center of the focus to the
outer edge of the first circulus.

T1 The first intercirculus triplet beginning at the
outer edge of the first circulus and extendi ng
out to the outer edge of the fourth circul us.

T2, T3, The di stance fromthe outer edge of circulus

...,T11 ((3*i)-2) to the outer edge of circulus
((3*i)+1), where i equals 2, 3,..., 11 and i
represents the triplet of interest.
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| : LDF I I cv
Sinmul ati on _Analvses

The LDF and CV anal yses were performed using the same software and
statistical techniques used in the spring chinook anal yses.

Sinul ation anal yses were perfornmed on steel head scale pattern data
to assess the accuracy of group identification nodels over a w de
range of possible mixing proportions (see Chinook substock
| dentification section for details).

Each sinmulation involved creating standards and a mxture,
calculating a classification rule, classifying the mxture sanple,
correcting the classification results, and if necessary
constraining the estimates. This process was repeated from 234 to
400 times (depending on the analysis) and the error in the
estimated proportions for each mxture were saved. Error is defined
as the difference between the known and estimated proportion of
each group in a nmixture. The nean of the errors is a neasure of
bi as and the standard deviation of the errors is a nmeasure of
precision of the nodel.

Scale Collections for Elenmental Analvsis

Approximately 1 ng of nonregenerated scale material was scrapPed
fromthe preferred body area and inmmersed in deionized water ftor
approxi mately 24 hours. Scal es were renoved fromthe water and
non-regenerated scales sorted out. The remaining scales were then
allowed to air dry for approxi mately 24 hours. The scal es were then
placed into individually capped and | abeled 3 m beaker cups for
storage and eventual analysis.

Steel head smolts from Wapatox (n=50 with 5 replicate sanples), Roza
(n=50 with 9 replicate sanples), and EXK Creek (n=50 with 9
replicate sanples) were scale sanpled. No hatchery reared snolts
were collected in 1989. There are 1990 hatchery snolt sanples
avai |l abl e, although scales for elenental analysis have not been
collected fromthese sanples at this tine. Least-squares |inear
regression analysis of the nunber of scales per ng of scale
material versus fish length was used to estimate the nunber of
scal es needed froma fish of a %%.en l ength to nakeup a 0.5 nﬂ
scal e sanple. Fish fromthe 1989 Wapat ox sanple ranging in | engt
from142 to 202 mmwere scale sanpled for this analysis. Scrape
sanples fromthe preferred body area were nmade and between 24 and
193 non-regenerated scales were collected. Wights of dry scale
material were neasured to the nearest ny.
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RESULTS AND DI SCUSSI ON

Juvenil e Steel head Aae Distributions

Age distributions for the 1989 Roza, Wapatox, Dry Creek, and
Prosser snmolt sanples and 1990 Wapatox, Logy, and satus smolt
sanpl es are given in Table 24. Prosser sanples were divided into
four arbitrary tenporal groups for conparison of age distribution
changes in the outmgration over tinme. The 1989 Roza and \Wapat ox
and 1990 Wapatox age distributions were not significantly different
(X*=2.62; df=4; P=0.62) indicating that upper river populations in
1989 had simlar age distributions and between year differences
were not significant in the Wapatox sanples. The 1989 Wapat ox and
Roza age distributions were then conmbined and conpared to the 1989
Dry Creek age distribution. This conparison showed a significant
difference between 1989 upper and |ower Yakima River age
di stributions (x?=87.0; df=2; P<0.001) with the lower river. Dry
Creek sanple having a nuch higher proportion of age 1+ fish. The
1990 satus and Logy creek ages were not significantly different (x*
W th Yates correction=0.1; df=1; P=0.78) and so were conbi ned and
conpared to the 1990 Wapat ox ages. This conparison showed that
there were significant differences between the [ower river (satus
and Logy creeks) and upper river (Wapatox) ages (x%*=87.1; df=2;
P<0.F01), al though the difference was not as great as in the1989
sanpl es.

Table 24. Age distributions for Yakinma River steelhead smolts
captured in 1989 and 1990.

Freshwater age (percent) Sample
Year Group 1+ 2+ 3+ 4+ si ze
1980
Dry Creek 72 27 1 0 a9
Roza 11 71 18 0 38
Wapatox 11 78 13 0 145
Prosser
5/3-511 47 44 9 0 88
5/14-5/18 61 35 4 0 49
5/22-5/31 54 42 4 0 91
6/2-6/13 41 52 5 2 42
Pool ed over 50 442 6 ob 272
all dates
1990
Logy Creek 26 74 0 0 73
Satus Creek 29 69 2 0 96
Wapatox 17 73 10 0 94

2 Includes three fish with unknown time of capture.
b value is less than 0.5 percent.

There was no significant difference in age distributions between
the four tenporal sanples collected at Prosser (x?=6.2; df=6;
P=0.41), indicating no significant trends in time of outmgration
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past Prosser for the three principle age classes of steel head
smolts in 1989. There was significant genetic heterogeneity found
in the Prosser sanples (see Steel head substock |dentification
section), indicating that nore than one popul ati on was n1grat|nP
past Prosser within each tenporal period. Significant tenpora
changes in allele frequencies were also noted indicating that
either the proportional representation of populations was changing
over tinme or different populations were represented in each
tenmporal stratum The relatively stable age conposition of the
Prosser sanples over tine would’indicate that the nost abundant
groups novi ng past Prosser have very simlar age conpositions.

The 1990 Logy and satus creek sanples have a significantly greater
proportion of age 2+'s and a | ower proportion of age 1+'s than the
1989 Dry Creek sanple (x%=17.3; df=2; P<0.001). I n order to avoid
bias in this x% test, the few age 3+ fish in each group were pool ed
wWth the age 2+'s. Since no 1990 Dry Creek or 1989 satus or Logy
creek sanples were taken, it is not possible to conpare between
years within a group and determne whether the difference in satus
system age distributions is due to between year variation or
between popul ation variation. However, it is known that Dry Creek
experiences periods of [ow flows when portions of the créek are
conpletely dewatered creating isolated pools |eading to increased
nmortality and poor growth, while Logy Creek does not generall

follow this trend (J. Hubbel, YIN, pers. comm., 1990). Natura

sel ection should favor fish that mnimze the nunber of years
exposed to these conditions. Those fish sPending_Z or 3 years in
Dry Creek should experience higher rates of nortality. Thus, there
IS some question as to how representative Dry Creek snolt ages are
of the satus systemin general due to possible differences in the
two freshwater environnments and resulting differences in growh and

survi val

H st ograns describing the length frequency distributions of 1989
Wapat ox, Roza, Dry Creek, and Prosser sanples are shown in Figs.s-
11. There is considerable overlap in the lengths of all three age
classes in the Prosser sanple (Fig.11) and it appears that
estimates of age fromlength are not likely to be accurate. The
accuracy of estinmating age fromsnolt length data at Prosser using
| i near discrimnant function (LDF) analysis was tested using
conputer sinulations (see Ageing Steel head Via Length Distributions
section below) and was found to be unreliable.
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Adul t St eel head Broodstock Acres

Adult steel head scale sanples (n=52 fish) were collected from
br oodst ock taken between 10/18/89 and 1/23/90 at Prosser Dam Fork
| ength, date of capture, and the sex of each fish were recorded.

Twel ve scal es per fish were collected fromthe preferred | NPFC body
area (Mpjor et al. 1972) and placed into a coin envelope for |ater
nmounti ng onto gummed scal e cards. Acetate inpressions of the
mounted scales were nmade (Cutter and Witesel 1956) and used in
ageing and scale pattern measurenents.

Adul t age conposition for steel head broodstock collected at Prosser
Damis given in Table 25. Freshwater age 2+ adults nade up the
greatest portion of the broodstock representing 81 percent of the
sanpl e, ile age 1+ and 3+ fish each nade up 8 percent. Ccean age
1, .2, and . 3 fish made up 52, 42, and 6 percent of the sanple,
respectively. GQOcean ages include regenerated scale sanples for
whi ch no freshwater age could be determ ned but ocean age could be
determ ned. Repeat spawners were estinated to nmake up 12 percent of
the sanpl e (n=6).

Table 25. Adult age conposition of broodstock collected at Prosser
Dam bet ween 10/18/89 and 1/23/90. Regenerated scal es had
unknown freshwater ages, but ocean ages could be
det er m ned.

Nunber and percentage of usable fish In each aae cateaorv Tot al Resener at ed
1.1 1.2 2.1 2.2 2.3 3.1 3.2 4.1 aged .1 .2 .3
n

% 1 i 14 B i I i 1 48 ! 11 12

The 1989 adult steel head broodstock nost closely resenbl e satus
Creek juvenile steelhead electrophoretically (see Steel head
Substock ldentification section). However, the freshwater age
conposition of satus system juveniles sanpled in both 1989 and 1990
was much nore heavilﬁ wei ghted toward freshwater age 1+ fish than
the returning adult broodstock collected in 1989/90. There are at
| east three possible reasons the sanple of adult returns does not
have a simlar age conposition as Ssatus systemjuveniles given that
it genetically nost closely resenbles satus systemfish. First, the
adul't return sanple may represent a tributary or tributaries within
t he satus system which produce nuch hi gher proportions of age 2+
snolts than satus and Logy creeks. Second, the adult returns may be
dom nated by two particularly strong brood years in which the
proportion of age 2+ outmgrants was very high (large interannual
variation in the proportion of age 1+ and 2+ snolts | eaving the
system). Finally, the adult return sanple nmay be nade up of age 2+
smolts from throughout the entire satus system which survived after
outmgration at a nuch higher rate than smaller age 1+ fish.
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Aging Steelhead Snolts Via Lenath Freouencv Distributions:
Sinulation Analysis.

Fork I ength was evaluated as a tool for estimating the age of
steel head snolts using simulation analysis. The 1989 Prosser snolt
| engt h-at-age frequency distributions (Fig.11) were used as
basel i ne standards in a 3-way age 1+/2+/3+ nodel. The proportion of
each age class present in 234 sinmulated m xtures was estimted and
the mean error and its standard deviation are given in Table 26.
Mean error or bias varied from0.02 to 0.05 in absol ute val ue and
the nodel's precision, as indicated by the |arge standard
deviations, was very |low. Approximte 95 percent confidence
intervals around an estimate of 0.50 for either the 1+ or 3+ age
classes would extend fromnearly 0 to 1 and would actually extend
beyond 0 and 1 for age 2+ fish, nmking these estimates of little
practical use.

Table 26. Mean error (known proportion mnus the estinated
proportion) and standard deviations for each age class
over 234 bootstrapped m xtures based on 1989 Prosser
st eel head smolt age/length frequency distributions (see

Fig.11).
Aae cl ass Mean error (sd)
1+ 0.017 (0. 246)
2+ -0.052 (0.412)
3+ 0.034 (0.222)

SPA to ldentifv Substocks of Steel head

Typically 12 scale variables are used to describe the first 34
circuli on adult scale sanples, however many juvenile sanples had
fewer than 34 circuli and only the focus and first seven triplet
characters could be neasured on all fish and these eight variables
are used in the statistical analyses bel ow. Figs.12a-c shows the
mean val ues for age i+, 2+, and 3+ smolts from Roza, Wapatox and
Dry Creek. Mean values for T8 to Ti1 in Figs.12a-c were cal cul ated
using only those fish with conplete triplets.
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steelhead smolts 1989: Roza.
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Fig.12a. Scale variable nmeans for 1989 Roza age
1+, 2+, and 3+ steel head snolts, in mcrons.

steelhead smolts 1989: Dry Creek.
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Fig.12b. Scale variable nmeans for 1989 Dry Creek
age 1+, 2+, and 3+ steel head snmolts, in mcrons.
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steelhead smoits 1989: Wapatox.

0 Distance (microns)

100 -

80-

80 -

40-

20-

T f T f } T t f } f T }
Foour 1 T2 T3 T4 T8 T6 T7? T8 T9 TI0O T1
Scale varlable

——Age 1+ ——Age2+ ¥ Age 3+

Fig.12c. Scale variable nmeans for 1989 Wapatox age
1+, 2+, and 3+ steelhead snolts, in mcrons.

A two-way ANovAa of scale characters Focus to T8 was used to
estimate group (Wapatox,Dry Creek), age (1+,2+), and interaction
effects. e ANOVA results showed significant grouE effects in 7 of
8 scale characters and significant age effects in half of the scale
characters (Table 27, P<0.10). In addition, 6 characters had
significant group/age interactions (PLO10O. These results indicate
that although there are si%?ificant differences in scale patterns
bet ween groups which m ght be used to discrimnate them, there are
also significant scale pattern differences between age cl asses
within groups which are as great or greater than between group
differences. An additional conplication is that between age scale
pattern differences are not simlar across groups as indicated bK
the significant group/age interactions. For these reasons eac

group/ age cell nmust be treated independently. Therefore group/age
cells are anal yzed independently in the CV and LDF anal yses bel ow.

The Roza and age3+ sanples were not included in the ANOVAs because
sanple sizes were less than 10 fish per group/cell.
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Tabl e 27. Two-way ANOVA results for ?roup (Wapat ox and Dry Creek)
and age (1+and 2+) effects for scale characters Focus to

T7.

Scal e P-value for source effects
vari abl e Group Acre | nt eraction
Focus 0. 001 0.334 0. 055

Tl 0.002 0. 020 0.018

T2 0. 000 0. 005 0.232

T3 0. 000 0.010 0. 009

T4 0.028 0. 862 0.021

T5 0.184 0.944 0. 769

T6 0.001 0.151 0. 000

T7 0. 000 0. 002 0. 001

Canoni cal variate analysis of 8 natural and 2 hatchery steel head
groups was perforned using the BVDP 7M software (Jennrich and
Sanpson 1983). The N le Pond and Nelson Spring age 1+ hatchery
steel head groups are included for conparison purposes. Seven scale
characters were forced into the discrimnant functions and plots of
the first two canonical variates (group centroids) were made.

The first two of seven canonical variates expl ained 92 percent of
the total variation. The group centroids are plotted for the first
two canonical variates in Fig.13. Between group distances in the
seven-di nensi onal canoni cal variate space are given in Table 28 and
the classification results froma LDF analysis of the same data are
iven in Table 29. The natural groups' centroids formed one rather

oose cluster (mean between-group distance, excluding Dry Creek 1+
and Wapatox age 1+, -1.5). The Dry Creek age 1+ (nean distance
between all other groups= 3.1) and to a lesser extent the \Wapatox
age 1+ (nmean distance between all other groups= 2.5) centroids
separated out by thenselves. In general for the natural groups, age
had a slightly greater effect than group nmenbership on scale
patterns since between age (within group) distances (mean=2.0) were
greater than between group (within age) distances (mean=1.7).
Centroids for the Nile Pond and Nelson Spring hatchery groups were
nearly identical (betmeen-groug distance = 0.5) and as was
confirmed by an aNovA of the two hatchery's scal e characters which
resulted in no significant differences between the two hatchery
sanpl es (pP>0.09). Therefore, the two hatchery sanples were pool ed
into a single hatchery group in the next analysis.
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Fig.13. G oup centroids for Yakinma R ver 1989
st eel head snolts based on scal e vari abl es Focus to
T7.
Tabl e 28. Bet ween- group

Eucl i di an

di stance I n seven-di nensi ona
canoni cal variate space for two
hatchery and eight nat ur al
st eel head groups.

Group NelsonSp NileP Rozalt Roza2+ Rozad+ Wapal+ Wapa2+ Wapa3d+ Dryl+ Dry2+

Nel son  Spring . 0000

Nile Pond . 4954 . 0000

Roza 14 2.2643 2.1299 . 0000

Roza 2+ 2.1406 1.9805 1.1609 . 0000

Roza 3+ 1.5761 1.6868 2.4159 2.5004 . 0000

Vapat ox 1+ 3. 2986 3.1055 1.2463 1.9397 3.1849 . 0000

Vapat ox 2+ 1.8852 1.7854 0.7659 0.8379 1. 9965 1.7446 . 0000

Wapat ox 3+ 1.5423 1.4992 1.3637 1.5912 1. 3470 2.2986 1.0263 .0000

Dy Ceek 1+ 3.4015 3.1936 2.9185 2.0822 4.0812 3.4325 2.7919 3. 3854 .0000 .

Dy Ceek 2+ 1.6674 1.5522 1.3038 1.0749 1. 9549 2.2748 1.0379 1. 4544 2.5396 .0000
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Table 29. Cassification of results (LDF) for two hatchery and
ei ght natural éroups In percent wth age classes treated
separately. I ght scale variable were forced into the
LDF:  focus to T7. (Cassification results along the
underlined diagonal are the percentage of fish from each
group correctly identified. Sanple sizes for each group
are given, as well

Correct Cassification result in percent Sanpl e

group NelsonSp NileP Rozal+ Roza2+ Roza3d+ Wapal+ Wapa2+ Wapa3+ Dryl+ Dry2+ size

Nel son  Spring 37 23 0 1 17 0 4 8 3 7 75
Nile Pond 4 2 _18 0 0 6 0 6 9 3 15 33
Roza 1+ 0 0 0 0 0 20 20 40 20 0 5
Roza 2+ 4 7 7 14 11 18 18 0 14 7 28
Rosa 3+ 29 0 0 0 29 0 0 14 0 29 7
Wapat ox 1+ 0 0 17 0 ] _58 8 0 8 8 12
Wapat ox 2+ 4 9 15 15 4 10 15 10 2 18 82
Wapat ox 3+ 18 0 12 0 24 6 18 12 0 12 17
Dry Creek 1+ 0 5 2 5 2 2 [1] 0 5 9 55
Dry Creek 2+ 10 24 5 5 10 5 25 5 5 10 21

Age and/or group-age interaction effects in the tw-way Anova above
(Table 27) were significant in all but one variable. This
contributed to the generally |ow accuracy with which natural groups
could be identified (Table 29). One nethod of controlling for
significant age effects is to divide a sanple into its conponent
age classes first and then anal yzing the scal e measurenents of each
age class separately in order to estimate the proportion of each
substock. In a 3-way LDF analysis of age 1+ Roza, \Wapatox and Dry
Creek scale patterns, Wipatox and Roza scale patterns were quite
simlar to each other relative to the Dry Ceek sanple and
msclassified to each other at high rates (Table 30). Based on this
result Roza and Wapatox age 1+ sanples were conbined into one upper
Yaki ma- Naches system standard and a 3-way upper Yaki ma- Naches EXy
Creek/ Hatchery age 1+ nodel was then constructed and was successfu
in aceéurateiy identifying age 1+ groups. Overal | mean
classification accuracy was 87 percent (Table 30). Sanples of age
1+ fish should contain the only significant nunbers of hatchery
origin fish. Samples sizes were not as large as the 100 per
standard normally used as a mnimum so these results should be
viewed as prelimnary. Again, it is not known at this time how
representative age 1+ Dry Creek scale patterns are of satus system
age 1+ patterns in general.
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Table 30. dassification accuracies for tw age 1+ 3-way steel head
l'inear discrimnant function analyses: A Dry Creek vs
Wapat ox vs Roza nodel and B) Hatchery vs Dry Creek vs
pool ed Wapat ox- Roza nodel. The hatchery group iIs conposed
of Nile Pond and Nelson Spring fish. Ei ght scale
variables were forced into the functions: Focus to T7.

A) .
Correct Classification result I n percent
oup Drv_ Creek Wapatox Roza
Efcy Cr eek a4 3 13
Wapat ox a 50 42
Roza 20 40 40
B! [ ]
Correct Classification result 1 n nercent
qroup Dry Creek wapatox/Roza Hat chery
Dry Creek 86 9 5
Wapatox/Roza 12 a2 6
Hatcherv 3 4 94

Natural ly rearing age 2+ and 3+ sanples could not be accurately
di scrimnated using LDF analysis of scale patterns. Three-way age
2+ Wapat ox/ Roza/ Dry Creek and two-way age 3+ Roza/ Wapat ox nodel had
nmean overal |l classification accuracies of 44 and 47 percent,
respectively. Inspection of the age 2+ and 3+ group centroids in
Fig.13 shows that they are separated by relatively small distances

(nmean between-group distances of only 1.0 and 1.3, respectively).
tdentiifviing Steellhead and Resident Rainbow Trout via SPA

St eel head and resident rainbow trout can be found within the sane
portion of the Yakima River at tinmes and can be confused when sizes
overlap. A method of identifying individuals or estinmating the
Brop]grtl ?n of steelhead and rainbow trout in a sanple of fish would
e of val ue.

Scal e patterns of known steel head smolts collected in 1989 from
Roza and Wapatox juvenile traps and Dry Creek and ranging in age
from1i+ to 3+ (n=242) were pooled and conpared to a pool ed sanple
of rainbow trout from Untanum Cherry, and WIson creeks collected
in March 1990 ranging in age fromz2+ to 5+ (n=44). Cassification
accuraci es between the steelhead and rainbow trout groups were 75
and 73 percent, respectively, based on a LDF analysis using eight
scal e variables: Focus to T7. Since only eight variables were able
to be neasured on all fish due to the small nunber of circuli on
scales of smaller fish, it was necessary to limt the analysis to
these eight variables. Cassification accuracies nust be greater
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than 90 percent in order to begin to accurately identify individual
fish to their respective groups and based on this prelimnar

anal ysi s, SPA cannot be expected to accurately identify individua

fish as rai nbow or steel head trout. However, it does appear
possible to estimate the proportion of each group in a mXture
given percent classification accuracies in the md-70's.

Simul ation analysis using steelhead and rainbow trout scale
nmeasurenments was done in order to determne the overall bias and
accuracy of the two-way nodel under a wi de range of m xing
proportions (see General Simulation Methods in Chinook substock
| dentification section). Baseline standards representing steel head
and rai nbow trout were used to construct 400 m xture sanpl es by
randoml y sel ecting 100 sanples with replacenent fromthe two
standards. Sinmulation results indicated that overall, based on
these particular baseline standards, the proportion of steelhead
and ral nbow trout in a mxture were estimated with essentially no
bias. The mean true conposition and the nean estinmated conposition
of steel head and rainbow trout were equal over the 400 sinul ated
m xtures. Standard deviations for the errors (actual-estimated
proportion) were 9 percent for both groups, indicating that
aﬁprOX|nater 95 percent of the estimates were within 18 percent of
the true proportion.

El enrent al Analysis of Scal es

The regression analysis of the nunber of scales per ng of scale
material and fish length showed a negative relationship as
expected, given that larger fish require fewer |arger, heavier
scales to make up one ng of material. The regression |ine had an r?
value of 0.36 with a probability level of 0.006, a slope of

-0.521 and a y-intercept of 134. A relatively large anobunt of
variation was left unexg ained by the relationship, although it did
give an indication of the nunber of scales needed to nake up 0.5 ny
of material for a fish of a given length. In general, for fish
above 14omm 30 scal es should weigh at Teast 0.5 ng and for fish
above 1s8omm 20 scales would be required. These val ues were used as
m ni num sanple sizes for fish within these length intervals.

El emental anal ysis of trace elenents in juvenile steel head trout
scales wll be done as tinme and funds becone available. In
addition, nore cost effective analytical techniques which are as
sensitive as the currently used inductively coupled plasm nass
spectronmeter are being investigated.

Rai nbow Trout Aae Composition

A total of 353 ageable sc al e sanples representing 5 groups of
raLPbOM/trout have been aged to date and ages by group are given in
Tabl e 31.
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Table 31. Age conposition in percent for rainbow trout groups
collected in 1990. There is some confusion about what
tributary sections are represented in these sanples due
to lack of comunication between the wWDF's scale and GSI
lab. Sone sanples are listed by internal WDF GSI |ab
codes (e.g. 90EL) and wWill be identifies to tributary
section as the relevant data are retrieved from archived
sanpl es.

Percentage of fish by age class Sample

Cl ust er G oup/ Secti on Dat e 0+ 1+ 2+ 3+ 4+ 5+ size

1 Umt antss
Section 1 Sept. 4 19 7 4 0 0 0 26
Section 2 Sept. 4 0 a3 17 0 0 0 24
Section ? March ? 0 0 0 SO 25 25 16
2 Cherry Creek
Section 1 Nov. 20 100 0 0 0 0 0 7
Section 2 Nov. 20 3s 33 25 4 0 0 24
Section 3 Nov. 20 2s 67 8 0 0 0 12
Wilson Creek
Section 2 Nov. 21 25 0 25 SO 0 0 4
Section 3 Nov. 21 0 73 16 9 0 0 11
Section ? March ? 0 0 7 67 20 7 15
3 Manastash
Section 1 August 16 60 40 0 0 0 0 10
Sect.ion 2 August 16 10 90 0 0 0 0 10
Sept. 24 22 76 0 0 0 0 9
Section 3 August 16 33 67 0 0 0 0 15
Swauk
sectionl August 20 6 94 0 0 0 0 17
Sectiom 2 August 20 20 56 17 0 0 0 18
Section 3 August 20 7 SO 43 0 1] 0 14
Taneun
Section 1A Aug. 17 and 29 0 100 0 0 0 0 1
Section 2 Aug. 17 and 29 O 36 11 0 0 0 47
4 Midddle Fork Teanaway
Sectiomn 1 Sept 10 and 17 32 55 14 0 0 0 22
Section 2 Sept 10 and 17 33 33 33 0 0 0 21
WF_Teanawy
Section 1 Aug 3, Sept 6 67 20 13 0 0 0 15
Section 2 Aug 3, Sept 6 33 SO 8 8 [4} 0 12
Section 3 Aug 3, Sept 6 33 SO 17 1] 1] 0 12
Section ? Aug 3, Sept 6 0 40 SO 10 0 0 10
NF_Teanawy
Section 2 Sept. 5 and 6 14 47 39 0 0 0 49
Mainstem Yakima
5 Sectiom 1 Sept. 20, Oct. 9 and 22
0 45 45 Q 0 9 11
6 Sectiomn 3 Nov. 8 0 58 33 8 0 0 12
7 Sectiom 4 Oct. 15 and 23, Nov. 8
10 SO 40 0 0 0 10
Section 5 Feb. 21 0 0 18 54 9 9 11
ct. 24 and 25 0 42 42 8 8 0 12
8 Section 6 Feb. 21 0 0 0 SO SO 0 2
Sept. 20, Oct.23, Nov. 11
0 44 36 8 8 0 13
Section 7 Sept. 20 and 27, Cct. 4
0 57 43 0 0 0 7
2? Section ? Sept. 11 2 53 37 3 3 2 60




Freezina Effects on Bodv Length Measurenents

Backcal cul ati on anal yses and size-at-age distributions require
accurate length neasurenents of fish at the tine of capture. At
times it is not possible to take I ength nmeasurenents at capture and
fish are frozen and |ater thawed and neasured. In order to
determ ne the anount of body shrinkage that occurs while sanples
are stored in freezers, three groups of fish were neasured for fork
length just after capture and then frozen. One pool ed group of
rai nbow trout (n=28) and Wapat ox steel head (n=39) ranging in |length
from67 to 340 nm and two groups of steelhead snmolts from satus
Creek (n=64, range 66 nmto 190 nm, and Logy Creek (n=88, range 66
mmto 193 nm) were anal yzed using | east-squares |inear regression
anal ysis. After freezin? for about 3-5 nonths, sanples were thawed
at the WOF GSI lab and fork lengths (tip of snout to fork of tail)

were again neasured. Length-at-capture (LAC) was then regressed
against length-after-thawng (LAT). Regression results for the
three groups were very simlar. Each regression nodel explained
nearly all of the sanple variation (r®'s ranged from0.97 to 0.99;

Fig. 14 gives an exanple). No y-intercept was significantly
different than zero (PLO.22). Al slopes were significant (P<0.001)
and ranged from 1.026 to 1.042, indicatin%]a shrinkage of about 3
to 4 percent in fork length during 3-5 nonths storage in a freezer.

zlengih m
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Fig. 14. Least-squares |inear regression analysis
of pre-frozen and post-frozen body |ength (mm of
rai nbow (n=28) and Wapat ox steel head (n=39) trout.
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SUMVARY RECOMVENDATI ONS

¢+ Continue to scale sanple outmgrants at Wapat ox, Roza, Prosser
Satus and Logy creeks to determne interannual and between site
variation in age conposition and |ength-at-age. Scale sanples
shoul d al so be taken from any additional smolt popul ations targeted
for GSI sanpling. Replicated sanpling over a nunber of years is
necessary for estimating the inter-annual variation in snolt age
conposition and | ength-at-age.

¢ Establish nmethods to scale sanple adult steel head returns at
Prosser and the nmouth of the satus system as they pass upstreamin
order to nore accurately estimate adult age at return and size-at-
age. A conparison of the two sanples would help determne if

denmographic differences exist between the satus Creek system and
ot her upper river steel head stocks. Scale sanples collected from
kelts are not as useful since kelts are not representative sanples
of the spawning population. This is because steel head do not
survive spawni ng and nove back downstream in a random manner.

Rat her, post-spawning |arger older fish die at |ower rates than
smal | er younger fish which skews the age distribution of kelts
toward ol der Targer fish

¢ Collect otoliths from adult steel head kelts and mature rai nbow
trout and use a trace elenment mcroprobe to deternmine the
concentration of strontiumin the oteliths' nuclei. Fish with
el evated | evels of strontium are the progeny of anadronous females
(Ralish 1990). Fish with low levels of strontiumare the progeny of

non- anadronous fenmales. This occurs because anadronous fenales
absorb strontium at relativeky high levels fromsaltwater while
their eggs are developing and the strontium gets absorbed into
their eggs. Once fertilization occurs, evel oping enbryos
i ncorporate available strontiuminto the first devel opi ng hard
part: the otolith nucleus. If this technique is successful, the
proportion of steelhead and rai nbow trout adults produced by
anadr onous and non- anadronous feral es could be estimted from
representative adult otolith sanples. Reference sanples of eggs and
proPeny of known anadromous and non-anadr onmous fenal es should be
col l'ected and anal yzed to determ ne the accuracy of the technique.
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REPORT NO. 2
STOCK | DENTI FI CATI ON MONI TORI NG TOOLS

Fl uorescent and El enental Mar ki ng of Juvenile Chinook

Cal cified Tissues.
by Curtis M Knudsen, Steve Schroder, Mark Carr, and Gene

Sanborn

Eval uati on of Taggi ng and Marking Techni ques For Use in the
Yakima/Klickitat Fi sheries Proj ect
by Curtis M Knudsen
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FLUORESCENT AND ELEMENTAL MARKI NG OF JUVENILE
CH NOOK saLMoN CALCl FI ED Tl SSUES

| NTRODUCTI ON

As part of WDF's ongoing research into stock identification and
mar ki ng techniques, we are evaluating mass nmarking techniques in
order to determne their effectiveness in neasuring such critical
response vari abl es as post-rel ease survival of experinental and
control groups and reproductive success, An additional objective is
to identify marking nethods that permt benign identification of
hatchery and natural adult returns during broodstock collection.
That is, adult hatchery returns nust be identified and rel eased
unharnmed in order to supplenent the natural spawning popul ation.
In the context of the YKFP, an effective mass marking technique
must necessarily fulfill the first four of the follow ng needs and,
in order to be a practical tool suitable for long termuse, nust
meet the latter two needs, as well:

1 Entire popul ati ons nust be unequivocally marked with no
significant decrease in short termfitness due to the
marki ng process or mark presence, and no significant
decrease in long term fitness due to effects on
physi ol ogi cal conpetence, mgration patterns/timng (down
or upstream, or predator avoi dance. Also, nininum size
requi renents for tag application nmust not exclude currently
schedul ed size-at-release in the YKPP.

2. The mark nust be benignly recoverable. That is, once a fish
has been sampled for the presence of a mark, the fish nust
still be alive and able to resune its mgration with
mnimal inpact to its survival and ultinmate reproductive
success.

3. More than one nmark code is necessary. For exanple, at |east

15 uni que codes are required to identify the experinental
and control releases of spring chinook each year in the
initial phases of the current YKFP experinental design

4, The mark should be recoverable fromjuveniles, upstream
mgrating adults, spawning adults, and carcasses Ww thout
bias (no significant tag | oss over tine).

. The mark should be economcally and |ogistically practica
in ternms of mark application,” sanpling requirenents for
juvenile and adult  fish, and anal ytical/detection

requirenents for nmark decoding.

143




6. Marked fish should be identifiable within 48 hours or |ess
after being sanpled. Initial generic identification of fish
of hatchery and natural origin should be nade within this
tinme frame in order to mnimze inpacts on upstream
mgration. Identification of specific release group codes
can take place over a longer time period.

No marking technique currently being used fulfills all six of these
requirenents. One marking technique that has the potential to neet
these needs is marking mneralized tissues, particularly scales,

using a conbination of trace elenents and fl uorescent conpounds.

Fl uorescent conpounds or fluorochrones such as tetracycline,

alizarin conpl exone, xylenol orange, and calcein (fluorescein) have
been used to mark mneralized tissues of mammal s and fish (Hankin
1978, Rahn and Perren 1970, Tsukanoto et al. 1989, Wber and
R dgway 1962?._ These conpounds bind with alkaline earth netals,

such as calcium in bone and scales, and fluorescence under
ultraviolet light in distinct colors. Trace elenental marking of
fish has successfully been denonstrated in coho sal non (Behrens
vyamada and Mulligan 1982, 1990; Brown 1991), adult chum sal non
(Kato 1985) and fry (S. Schroder, WDF, 1991, pers. comm.), Sockeye
salnmon fry (S. Schroder, WDF, 1991, pers. comm.), and striped bass
(c. Coutant, oakridge National Laboratory, 1991, pers. comm.) USi Nng
either immersion in a solution of the marking material or feeding
el enent enriched diets. In addition, nat ur al | occurring
differences in concentrations of trace elenments in scales have been
used to identify wild stocks of sockeye sal non (Lapi and Ml ligan
1981).

The advantages of fluorescent and elenental marks are:

1. Mass marking of entire populations is possible at a relatively
early age by incorporating the marking conmpounds into feed or
inmmersing fish in a narkin% solution. Potentially, fish could
be marked as soon as they begin to form scal es, beginning at
about 35-40 nm in sal noni ds.

2. Fl uorescent mark decoding is cheap, sinple, and can be done on
a real tinme basis. Wile the epi-fluorescence m croscopy
equi pnment used is nore sophisticated than that found in a
typical lab, it is not extrenmely expensive (<$15,000), does
not require a highly trained specialist to operate or
calibrate, requires only visual recognition of a mark, and
could be set up inthe field at an adult nonitoring facility
i f necessary. Perhaps the biggest challenge in el enental
marking is to develop and refine mcroanal ytical techniques
that can identify spatially separated bands of concentrated
el enents and to make this analytical technol ogy available to
fisheries agencies for rapid turn around in analysis. The
technol ogy currently being used only allows analysis of whole
tissue sanples. This results in dilution of the marking
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el ement which is typically concentrated in a narrow band of
calcified material. The analytical |lab currently being used by
WwpF and Canadi an Departnent of Fisheries and Cceans for
el emental analysis of hard parts is located in Vancouver,

Canada making 48 hour turnaround tinme in analysis results
questionable. However, by using a single fluorescent mark as
a generic visible mark, the equivalent of the adi pose fin-
clip, this problem can be nanaged ﬂsee 4.  below).

M croanal ytic techniques focus the elenental analysis onto a
narrow area of the hard part 20-30 mcrons in dianmeter, which
mnimzes dilution effects and allows trace elenents to be
detected wth nuch greater sensitivity. In addition, the
| ocation of the nmark on the calcified structure can then be
determned and this information used to create unique codes
based on nark placement within the calcified structure.

Marks can be detected benignly by renoving and anal yzing a
piece of mneralized tissue. Scales are the easiest and |east
Invasive calcified structure to remove. However, other easily
removable cal ci fied structures such as fin rays and opercle
punches shoul d be explored, as well, should scales prove to be
I nef fective.

A generic fluorescent mark can be used as a flag or 'external'
mark for elenmentally marked fish. Just as all coded-wre
tag%ed fish are adipose fin-clipped, all elenmentally marked
fish could have their scales fluorescently marked. Thus, a
returning hatchery adult wth afluorescent mark can be
quickly identified, sorted from the unmarked naturally
roduced fish, and allowed to continue its upstream mgration
cisions can then be made on broodstock selection fromthe
unmar ked natural fish. The elemental mark can be decoded at a
later tine fromthe sane scal e sanple used for epi-fluorescent
analysis. A fluorescent mark allows uick visua
identification of unmarked fish and should dramatically reduce
the nunber of scal es which nust be processed for el enmental
mark decoding. This in turn wll reduce analytical costs and
effort significantly. Thus, the devel opnment of a single
successf ul fluorescent  marKking conpound will have
significance. At a mnimm such a mnmark wll allow
suppl enmented fish to be generically marked and subsequently
identified benignly at little cost and in real tinme.

Once applied, for a mark to be acceptable in the context of
the YRPP, it should be detectable throughout the |life of a
fish and the group code shoul d be recoverabl e nore than once.
Hankin (1978) states that cal cein nmarks on guppy scal es were
visible for at |east 3 nonths. However, it appears that he did
not nonitor fish for mark retention beyond 3 nonths. No
information currently exists on how successful xyienol orange
or alizarin may be as salmonid nmass mar ki ng conpounds. The
el ements strontium (Behrens-Yamada and Milligan 1990),
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| ant hanum and sanarium (B. Enovar, UBC, 1991, pers. comm.) and
europium (C. Coutant, oakridge National Lab, 1991, pers
comm.) have been shown to be stable in the caciummatri x of
scales, once they are incorporated. Only strontium marked coho
have been nonitored for marks on live fish for any extended
tine (18 nonths) and the mark was detectable on adult returns
(Behrens-Yamada and Ml |igan 1990).

6. Uni que codes are possible by using different elenents or
col ored fluorochrones together or alone (Rahn and Perren 1962,
A erud and Lorenzi 1970, Suzuki and Mat hews 1970), by marking
fish at different sizes (Hankin 1978), thus placing marks at
different locations within the mneralized structure, and by
using different concentrations of the same element. Wile the
nunber of unique codes may not reach the nunber possible with
binary coded wire tags, for many purposes the number of codes
shoul'd be sufficient to carry out detailed studies where
multiple experimental and control groups are necessar%.
Wthout the ability to determne mark |ocation within the
calcified structure, four elements wused alone and in
conbi nation are needed to create 15 unique codes. |[f the
| ocation of distinct marking bands can be determ ned and
multiple elenents are detectable within each band then two
bands and four elenments wll give 255 uni que codes. This
denonstrates the value of having spatial information on mark
pl acenent .

Sonme of the conmpounds cited above have not been tested on fish or
tried on |arge popul ations for mass nmarking purposes. Thus, much of
the initial work to be perforned is of abasicnature addressing
such issues as nortality and marking success of different conpounds
and el enents at various dosages and feeding durations. Fluorescein
and tetracycline conpounds have been used to successfully mark
scal es of guppy (Hankin 1978) and sal mon (Wber and Ri dgway 1962),
respectively, although tetracycline marks on scales were not
visible after a few days due to photobl eaching. Aizarin conpl exone
and cal cein have been used to mass mark the otoliths of juvenile
mari ne species (Beckman et al. 1990, Tsukanoto et al. 1989, WIson
et al. 1987), but have not been used to nark the scal es of
sal noni ds. Xyl enol orange has not been used on any fish species as
a marking conpound.

In Part | of this study we will feed the fluorochrones xyl enol
orange, calcein, and alizarin to chinook salmon at various dosages
and durations with the intent of producing a visible mark on
calcified structures, especiallg scal es, when exam ned using epi-
fluorescent mcroscopy and to determne if significant nortality
occurs due to ingestion of any enriched diets. In addition, the
rare earth elenment ceriumwll be fed in an attenpt to produce a
band of scale nmaterial wth significantky el evated cerium |evels.
The initial phase should be considered a feasibility study; a
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chance to place al

t he

pi eces together and work out operational

problens. Part Il will build on the know edge gained in Part | and
further exam ne feeding fluorochromes which produced significant
results in Part |, changing dosage or duration as needed. In
addition, diets enriched with samarium |anthanum strontium and
ceriumw Il be tested. Finally, short term (24 hour) inmersion of

fish in concentrated baths w ||

i ntroduci ng samari um

PART |: APRIL 8 TO MAY 20, 1991

Met hods

On April 5,
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of 400 fish, and

cl eaning tanks.

treatments began three days |ater
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Fig.16. Weight frequency distribution of George
Adans chinook on 4/s5/91 prior to beginning
treatnents

Treatment diets were enriched with four conpounds: calcein, xylenol
or ange, alizarin red, and cerium. A |ow calcium diet was
manuf actured at NMFS Montl ake |ab in cooperation with Ron Hardy.
Mar ki ng conpounds were dissolved in dem neralized hake viscera and
added to | ow cal ci um sal non nmeal (More-Clark) with cellul ose
filler, wheat bulk and vitamn C A low calciumdiet was used to
reduce any interference that m ght occur due to cal ci um conpeting
wi th the marking conpounds as they were incorporated into calcified
tissues. The treated feed was then processed through a 1\16 inch
dianeter die and cut into approximtely 178 inch pellets. This size
pel l et was used based on an anticipated nmean fish length of 60 nm
However, due to the smaller size and large variation in fish |length
at the beginning of the experinent, nany fish were less than 60 mm
and the pellet size of the experinental diet was too large for the
smal l est fish to easily consune. Consequently, marking success in
smal ler fish was likely reduced. p

Each conmpound was fed at 6 dosage |evels and over either 8 or 16
days and two | ow cal cium and two nornal control diets were included
per conpound (Table 32). This resulted in a total of 64 groups (48
treatments and 16 controls).
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Table 32. Initial population size per tank for treatment groups by
dosage (grans of marking material per kg |ow cal cium
diet) and feeding duration for cerium xylenol orange,
calcein, and alizarin, as well as, low calcium and nornal
oMP control diet groups.

_ Dosaae (a compound/kg | ow Ca diet) Control s
Duration 0.10 0.25 0.50 1.00 2.00 4.00 Low Ca Normal Ca
8 days 400 400 400 400 400 400 400 400
16 davs 400 400 400 400 400 400 400 400

Fish were fed control and treatnent diets ad libitum If fish were
not actively taking feed no additional food was given and excess
food was not allowed to accunul ate for extended periods on the
bottom of tanks. Tanks were nonitored for nortality and 10 fish
sanFIes were periodically collected, sacrificed and stored frozen.
Scal e sanples for initial epi-fluorescent analysis were collected
from sel ected groups of the periodic sanples. The scal es were
soaked in water for a few mnutes, nounted under cover slips in
glycerin, and viewed with a N kon m croscope equi pped with a high
pressure 50 watt nercury lanmp (N kon EF-D Mercury Set) and N kon
EX400-440 exciter and Ba470 barrier filters at 10 and 20x. The
groups wth the greatest |ikelihood of being successfully nmarked
were selected for initial screening for marks. These included the
two hi ghest dosage and | ongest duration groups (2 and 4 g/kg for 16
days) of cerium alizarin red, and xylenol orange and the two
| onest dosage and | ongest duration groups for calcein (0.1 and 0. 25
g/ kg for 16 days).

Goups in which all fish were not marked after the end of the
monitoring period or which exhibited significant nortality were
sacrificed. Food and Drug Administration restrictions do not allow
rel eases of fish fed any treatnent diet. At the end of the
moni toring period random sanples of forty fish were collected from
each tank, length nmeasurenents taken and the fish stored frozen.
Control groups were released with the normal hatchery production
after 40 fish sanples were collected.

Qher calcified parts such as otoliths, vertebrae, opercula, and
fin rays wll be analyzed as time and resources allow

Recent work at oakridge National Laboratory (ONL) has shown that
previously undetectable concentrations of the rare earth el ement
samarium fed at a dosage of approximately 1 g\kg feed in striped
bass (Muncy et al. 1988) was detectable using a newy devel oped
| aser mcroprobe (C. Coutant, ONL, 1991, pers. comm.). Scal e
sanpl es (n=10 fish per group) fromthe highest and | owest dosage 16
day ceriumtreatments and a nornal cal ciumcontrol group will be
sent to the ONL for analysis of elevated |evels of cerium These
three treatment groups along with the 8 day duration 0.10 and 4.00
g/ kg cerium and |ow cal cium control groups will continue to be
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reared at George Adans Hatchery until results from oakridge are
received. Should the cerium groups have an identifiable mark, the
wll continue to be reared through the fresh and saltwater phase o
their lives to determne nark |ongevity.

Prelimnarv Part | Results

The followng prelimnary results on mark detection refers to the
ten fish periodic sanmples which were collected and shoul d be
treated as qualitative rather than quantitative results. Analysis
of the final 40 fish sanples fromeach tank have not been conpleted
yet.

A fluorescing mark was detectable on the two |owest concentrations
of calcein in sone fish, although it was not a concentrated band of
color as was anticipated, but rather a diffuse green/blue col or
t hroughout the scale. Since the mark did not appear as a bright
band, it was not clearly identifiable until control scales were
exam ned adjacent to the treated scales. Four calcein groups (0.10
and 0.25 g/kg and 8 and 16 day durations) will be reared further in
order to track the nmarks presence over a |longer time period. In
Part Il, calcein treatnments will be extended to 24 days in an
effort to increase the strength of the mark. Calcein dosage |evels
cannot be significantly increased beyond 0.25 g/kg due to the
aversion fish showed for dosages greater than 0.25 g/kg feed and
the consequent nortality from starvation

leenol oran?e produced a quorescini mark on scal es of sone,
t hough not all, fish in the 4 and 2 g/kg 16 day groups. The mark
appeared as a faint reddi sh/orange band on the scale 1 to 2 circul
wde. Mark intensity was positively related to dosage |evel.
However, mark intensity faded within days after scales were
col | ected and nounted on slides. Since not all fish were narked and
mark intensity was faint, these groups were not reared further.
Xyl enol orange dosage levels will be increased in Part |l below in
order to create a nore distinct and |onger lasting mark, since fish
experienced no significant nortality or aversion to the feed at the
4 g/ kg dosage. In addition, the reason for the nark's fading W
be investigated in order to determine if changes in feed handling,
sanple collection or preparation can reduce fading.

No alizarin or ceriuntreatnmentgroups had a detectable fluorescent
mark on scales. Elenmental analysis of cerium groups has not been
conpleted at this tine.

Cal cein dosages equal to or greater than 0.50 g/ kg were not
pal at abl e and dosages above 1.0 g/ kg were rejected by fish over the
entire 8 and 16 day treatnment periods. Although fish would strike
the first few pellets dropped into a tank no feed in dosages
greater than 1.0 g/ kg feed was actually observed bei ng consuned.
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Al other treatnent diets (cerium xylenol orange and alizarin)
appeared to be consumed by fish equally well.

Mortality within tanks ranged fromO to 33 fish (Table 33) over 46
days. Bootstrap conputer sinmulation analysis was used to anal yze
the nortality data (see Noreen 1989 for a discussion of this
technique). The null hypothesis was that each treatnment group's
mortality was equal to or |ess than the control groups' (a one-
sided test). The alternative hypothesis was that nortality of a
treatnent_grouP was greater than the control groups. Mrtality data
for the eight |ow calcium control. groups (nmean 2.9 nortalities) and
eight normal diet control groups (nmean = 3.4 nortalities) were
pooled into a single vector of Zzeros representing live fish, and
ones representing nortalities. A conputer program was witten to
saggle this vector 200 tinmes with replacenent and cal cul ate the
nunber of resulting "mortalities" in the 200 fish sanple. The
boot strap sanpling procedure was repeated 5,000 tinmes and the
resulting nortality frequency distribution (Fig.17) was used to
construct an enpirical significance test. The probability of 7 or
more nortalities occurrlnP, based on the frequency distribution in
Fig.17, Was 4 percent or [ess. Thus, any treatnment group with 7 or
nore nortalities had significantly higher nortality than the
control groups at the alpha equals 0.04 level. Significant

treatnent groups are indicated by an asterisk in Table 33. Mst of

the treatments with significant nmortality (78 percent) occurred in
the calcein groups. Only 3 significant differences were found in
the 36 cerium alizarin and xylenol orange treatnents. Two
significant differences in 36 tests would be expected due to random
chance alone. It is speculated that the alnost total aversion fish
showed for the higher calcein treatments contributed significantly
toward higher nortality through starvation. Mst dead fish were
much smal l er than average and enmci at ed; resenbling "pin-heads".
Mrtality was generalby spread out over the entire 46 days and not

concentrated in the days just before and after treatnents ended
indicating that if there were toxic affects they were not strong
and immediate in effect.
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Tabl e 33.

Tot al

nortality for

groups of

significantly higher

control

chi nook

the 64 experinental

over 46 days. G oups
nortality (alpha=0.04) than t

groups are indicated by an asterisk

Group

(nunber of fish)

Mor t

ality

Contral s

Normaldi et
Normal diet Rep 2

Nor mal

Normal diet

Nor na
Nor na
Nor na
Nor na

Lou
Lou
Lou
Lou
Low
Low
Low
Low

diet Rep
diat Rep
diet Rep
diet Rap
Cal ci um Rep
Cal ci um Rap
Cal ci um Rap
Cal ci um Rep
Cal ci um Rep
Cal ci um Rep
Cal ci um Rep
Cal ci um Rep

du%%j
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Treat ments

Cal cein
Cal cei
Cal cei
Cal cei
Cal cei
Cal cein

n
n
n
n

0.10 8 days
0.25 8 days
0.50 8 days
1.00 8 days
2.00 8 days
4.00 8 days

Cal cein
Cal cein
Cal cein
Cal cein

orange 0.10

orange 1.00

orange 4. 00
orange 0.10
orange 0.25
orange (.50
orange 1.00
orange 2.00
. orange 4.00
Alizarin 0.10
Alizarin 0.25
Alizarin 0.50

XX X XX X X X X X X X

0.10 16
0.25 16
0.50 16
1.00 16
Calcein 2.00 16
Calcein 4.00 16

days
days
days
days
days
days
8 days

orange 0.25 8 days
orange 0.50 6 days

6 days

orange 2.00 8 days

6 days
16 days
16 days
16 days
16 days
16 days
16 days
8 days
8 days
6 days

Alizarin 1.00 8 days

Alizarin 2. 00
Alizarin 4.00
Alizarin 0.10

Alizarin 0.25

Alizarin 0.50

Alizarin 1.00

Alizarin 2.00

Alizarin 4.00

Cerium 0.10
Cerium 0. 25
Cerium 0
Carium 1
Cerium 2.00
Cerium 4,00
Cerium 0.10
Carium 0.25
Cerium 0.50
Cerium 1.00
Cerium 2.00
Cerium 4.00

8 days
8 days
16 days
16 days
16 days
16 days
16 days
16 days

- 8 days

6 days

.50 8 days
.00 6 days

8 days
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16 days
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16 days
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Fig. 17. Frequency distribution of 5 000
boot st rapped sanpl es (n=200 fish per sanple) taken
from the pooled control groups nmortality data. x-
axis is nunber of nortalities per 200 fish over 46

days.

PART I1: JULY 8 TO AUGUST 30

Met hods

Chi nook fromthe McKernon Hatchery (WDF) were placed into rearing
tanks |located at George Adams Hatchery on July 7, 1991.  sapples of
20 fish per tank were anesthetized and fork |ength and wel ght
nmeasured. After recovering fromthe anesthetic fish were placed
back into their respective tanks. Fish will be reared in the
circular tanks used in Part | at 100 fish per tank for the fed

groups'and 50 fish per tank for the inmmersion groups.

The fluorescent conpounds cal cein and xylenol orange, and the
el ements cerium samarium |anthanum and strontiumw |l be fed at
various dosages and in conbination for either 16 or 24 days (Table
34). The experinental diet groups will occupy a total of 36 tanks
with control groups occupying an additional 4 tanks. Feedin

treatnments began July 8, 1991. There are also 24 tanks with 50 fis

per tank to be used for testing imersion in baths of the elenents
cerium samarium lanthanum and strontium for 24 hours. |nmersion
experinents are scheduled to begin between July 24 and July 30, as
time and manpower allow.
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Table 34. Dosage and treatment durations for Part |l feeding study.
The elements cerium strontium |anthanum and samari um
and the fluorochrones cal cein and xylenol orange wll be

fed.
Mar ki na_compounds Dosase (a/ka feed) Duration (davs)
Cal cein 0.05 24
Cal cein 0.10 24
Cal cein 0. 20 24
Xyl enol orange 5.00 16
Xyl enol orange 10. 00 16
Xyl enol orange 15. 00 16
Cerium 5.00 16
Cerium 10. 00 16
Cerium 15. 00 16
Lant hanum 5.00 16
Lant hanum 10. 00 16
Lant hanum 15. 00 16
Sanmari um 5.00 16
Sanmari um 10. 00 16
Samari um 15. 00 16
St ront i um Lant hanum 2.00/2.00 16
Strontium Samari um 2.00/2.00 16
Strontium Cerium 2 .00/2.00 16
In Part |, feed rations were allowed to remain in direct sunlight

on thetopOf tanks for up to 7 hours in sone cases. This likely
caused the fluorochrones to photobl each to sone unknown extent
reduci ng the conpounds ability to fluoresce under ultra-violet
light. Fish feed will be stored in opaque containers in order t
el rmnate exposure to direct sunlight in Part II.

Fed groups w |l be sanpled (n=40 fish per popul ation) 28 days after
treatments have ended. Scales will be collected and anal yzed for
either a fluorescent or elenmental mark, depending on the markin

treatment. Any group in which all fish have been nmarked and whic

experience no significant increase in nortality will continue to be
reared in order to nonitor mark persistence.

Toxicity of el enental baths of cerium sanmarium | anthanum and
strontum Wi | | be determ ned by exposing 5 fish lots to increasing
concentrations of each elenent for 24 hours. Once a maxi num (non-
toxi c) dosage has been established, groups of fish will be innersed
in baths of increasing strength up to the maxi num dosage for 24
hoursand nonitored for nortality for 30 days. At the end of 30
days the fish will be sacrificed and stored frozen. Scal e sanples
wil be collected for analysis using both inductively coupled
plasma (1 CP) mass spectrometry and |aser mcroprobe analysis.
Carcasses will be saved for further hard part analysis.
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SUMVARY RECOMVENDATI ONS

¢ Continue Part Il of the above study at CGeorge Adans Hatchery.
Anal yze the elenental treatment sanples taken for both Part | and
Il using both |ICP nass spectronetrz and | aser m croprobe anal ysis
to determ ne whether detectable nmarks are present and, if so, I ch
technique will give the nost accurate identification of marks.
Expl ore nethods of sanple handling and processing which wll
enhance and clarify fluorescent marks. Identify and test
fluorescent mark potentiators, such as glucosanine hydrochl oride
and determne if they can enhance the nmarking ability of xy| enol
orange and calcein. Continue to rear fish successfully marked in
order to monitor the mark's longevity through naturation. This wll
i nvol ve marking fish by treatnment group and holding fish for |ong
termrearing in saltwater net pens. M croanal ytical nethods will
be devel oped in cooperation with oakridge National Laboratory. In
addition, we will begin researching the requirenents necessary to
secure FDA approval for use of any elenments which successfully nark
fish. We will coordinate our efforts with Canada Departnent of
Fi sheries and Cceans, oakridge National Laboratory, and CRI TFC
personnel working on these sane problens.

¢+ Begin work on devel opi ng the nethodol ogy to mark progeny of
gravid females using elenental marks on otoliths. This would
include strontium |anthanum cerium, and samari um Begin by
conducting controlled smal|l scale experinents using fertilized eggs
imersed in increasing concentrations of marking conpounds and
untreated control groups. Test for effects on egg viability,
survival, devel opnental abnormalities, and marking success by
el emental concentration and compound. = From this _information
estimate dosage concentrations to admnister to gravid fenales.
The techni que should then be applied to a snall nunber of adult
femal es by injecting gravid females with solutions of marking
materials. The fermales would then be artificially spawned and

measurenents nade of egg viability, survival, devel opnental
abnormalities and marking success. This initial work will likely
result in significant nortality for some egg lots and fenal es.
Therefore, it is recomended that these prelimnary tests be

conducted on a popul ati on of hatchery chinook sal mon from outside
of the Yakinma systemin order to elimnate the risk to Yakim
natural substocks.

¢+ Continue to develop elenental marking nethods directed at

identification  of experimental  and control roups of
suppl ement ation fish and characterizing differences between ﬁgtural
substocks. This will include devel opment of an efficient nethod of
i ntroduci ng el enental marks (immersion or feeding) into chinook,
determ ning dosage level, and refinement of nicroanalytica

met hodol ogi es.
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¢ Tenporal water quality sanples taken by Bureau of Reclamation
from throughout the Yakima River system over the past 2 to 3 years
will be examned to identify differences in the water chemstry
between the upper and lower river. Significant differences in the
concentrations of elenments and coqpounds in the water at these
sites would indicate that there could be significant differences in
the chem cal conposition of the hard parts of fish which reared in
the |lower river (early outm grants) and upper river (yearling
outmgrants). A S|nPIe controll ed experinent could be perforned
determineif such ditfferences in hard part chem cal conposition can
occur by conparing the chem cal conposition of hard parts fromtwo
group-s of 100 fish reared in the lower river which were collected
I N Novémber/December as they noved downstream at Wapat ox and Roza
to the conposition of the hard parts of two groups of 50 fish
collected. as yearling outmgrants in the spring at Wapatox and
Roza. Microprobe ‘analysis of the two "early nu?rat|ng" groups and
- the two "late migmating™ groups' scales and otoliths will be
perforned,.' Conparison of the groups' chem cal conpositions wll
determne if significant differences have occurred and where within
the hard parts suchdifferences occur. |If significant differences
are found, then the accuracy of separating early and late mgrants
wll be estimated using linear discrimnant and maxi mum |ikelihood
estimation methods. Should the accuracy be sufficiently high, this
met hod coul d be used to separate adult returns sanpled on the
spawni ng grounds into late and early outm grants based on the
chem cal conposition of the freshwater portion of the scale and the
contribution of each life history strategy to the overall
production of each spring chinook substock esti nmated.
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EVALUATION OF TAGGING AND MARKING TECHNIQUES
FOR USE IN THE YAKIMA/KRLICKITAT FISHERIES PROJECT

| NTRODUCTI ON

In order to test the hypothesis that new artificial production in
the Yakinma and X ickitat sub-basins can be used to increase harvest
and enhance natural production w thout negatively inpacting the
al ready existing genetic resources, an experinental programis
being 1 nplemented (EDWG 1989). In the course of inplenentation, it
w |l be necessary to evaluate various stock/group identification
methods for use as nmonitoring tools to nmeasuring critical response
variables identified in the Experinental Wrk Plan. Four broad
categories of investigation have been identified: post-release
survival, reproductive success, long-term fitness, and species
interactions. In addition to identifying tag ing/narkinﬁ met hods to
neasure and nonitor response variables related to these areas,

techni ques nust be identified or devel oped which will facilitate
br oodst ock sel ection under the unique and rather restricting
requi rement of benign or nonlethal identification of all hatchery
returns once supplenmentation begins. This is necessary because
returning hatchery fish nust be excluded from broodstock sel ection,

rel eased and allowed to spawn naturally in order for neaningfu

suppl ementation to occur. One marking topic not discussed in great
detail is marking/tagging techniques for nmark/recapture studi es.

Only variations on jaw tags are discussed in that context.

One of the principle assunptions made in any narking/tagging study
is that the tag or mark and resPectlve application process do not
cause significant negative affects on the fish's survival or
behavior. Recent very prelimnary work by Maynard et al. (1990)
found that even those tags or marks ?enerally believed to be |east
intrusive: CM, freeze brand and PIT tag, were associated wth
twce the rate of predation (20-22 percent) on subyearling
steel head by yearling steelhead 2-6 days after marking than
unmar ked contr ol f|sh_?10 percent predation). Although this study
I's by no neans definitive, such information nmakes one pause to
soberly consider the fact that all supplemented fish nust be narked
in sone fashion once supplementation begins and the chosen narking
?ethod should m nimze any reductions in the fish's overall
i t ness.

A prelimnary estimate that at |east 35 recoveries per replicate
group are required in order to detect a 50 percent difference in
treatnent and control groups has been nmade based on work by De
Li bero (1986). For the purposes of the present discussion 35
recoveries will be used as a m ni num nunber of recoveries per
replicate and control groups at the particular targeted life
history stage. The subject of statistical power necessary to
eval uate treatnents deserves further consideration and discussion.
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Monitoring needs would therefore be the ability to sanple at |east
35 marked fish per release group at the particular targeted life
history stage, e.g. adult return to Horn Rapids. In the Yakinm
system the primary concern will be taggi ng enough juveniles to
i nsure an adequate nunber of adults are recovered for accurate
estimates to be made. For hatchery spring chinook with surviva
rates of approximately 0.1 percent, this neans tagging all fish
within any rel ease group of 75,000 and recovering nearly 50 percent
of all adult returns from that release group to ensure 35
recoveries are made.

In order to nmeasure conponents of some of the identified response
vari abl es marked adult fish nmust be recovered on the spawni ng
grounds. Tissue sanples, age, sex, length, ganete retention and
perhaps fecundity data wll be collected from spawni ng ground
recoveries, as well. There are two generic concerns regﬁrding t he
recovery of adult fish on the spawni ng grounds (both |Iive and
carcass recoveries): 1) typically the proportion of fish recovered
on the spawning grounds is a very small fraction of the popul ation,

even with very intensive sanpling effort (Cutter and Witese

1956; Eanmes and Hino 1981) and therefore the nunber of tagged fish
returning nust be large enough to insure sufficient nunbers of tags
are recovered to nake statistically valid estimates, and 2) in many
cases spawni ng round recoveries are biased due to over
representation of both females and |arger, older fish (Clutter and
Wil tesel 1956; Eanmes and Hino 1981; Eanes et al. 1981; Peterson
1954; Ward 1959; Conrad 1990). This bias is due primarily to
femal es remai ning near and continually returning to redds even
after being disturbed by recovery operations; fenmales hol ding and
dying in shallower areas than males; and larger fish generally
bei ng captured nore easily (better "targets") while also being
swept out of survey areas or renoved fromthe immedi ate stream area
by predators at |ower rates. Ang response variable requiring
Sﬁamnlng round recoveries could be effected by these problens.

This would include estimating paraneters such as straying rates,

spawner spatial and tenporal distributions, survival rates back to
spawni ng grounds, and nonitoring tributaries for genetic and
denogr aphi cs characteristics (i.e. age, sex, length, fecundity, and
mean age of female reproduction).

Monitoring at adult passage facilities can provide unbi ased sanpl es
of adult returns to relatively large portions of the Yakina R ver,
e.g. the Naches system However, it is clear that even existing
facilities, e.g. Prosser and Cow che, can give biased sanples
because fish do not sel ect passage routes randomy either choosing
| adders or junping dans. In addition, large adult passage
facilities do not provide recovery data on a fine_enough resol ution
to estimate straying rates, tenporal/spatial spawning distribution,
survival rates, or denographics on a substock basis unless a very
accurate nethod of identifying individual fish fromeach natura
substock 1S devel oped. Cenetic stock identification (GSI) and scale
pattern analysis are not going to produce results of the required
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Smolt-to-adult survival. Smol t-to-adult survival estimtes
are commonly nade with cwrs. However, it is necessary to kil

fish at adult passage facilities in order to recover release
group codes from snout-tagged fish making this nethod
I nappropriate for estinmating pre-spawning adult survival. This
would Iimt snout ta? recoveries to those taken on the
spawni ng grounds and fromany in-river fisheries. By using
tags placed in various body areas pre-spawning fish could be
rapidly identified to release group wthout sacrificing fish.

Frv-to-smolt survival. There is alimt in fish size bel ow
whi ch cwTs begin to loss their effectiveness due to high tag
loss, handling stress, and injury frominjecting the now
relatlvely large tag into the nasal cartilage (Mrrison and
Zajac 1987). Standard length cWwTs (1.1 mm) are reconmended for
use on fish that are 2.1 g or larger and half length tags (0.5
mm) are recommended for marking fish 0.9 g and above
(Bl ankenshi p 1990).

Harvest rate estimates. CWTs are the only tag that can
address this question on a |large geographic scale at this tine
because of the considerable CM sanpling effort throughout
eastern Pacific coastal fisheries by state, provincial,
tribal, and federal agencies. No other tag is routinely

h

sanpl ed for on the scale of cwrs. Ccean harvest estimtes wil
have greater significance for groups of fish with known hig
rates of interception, such as fall chinook, and will be |ess
important for other species such as steel head and sprin
chinook with much lower interception rates. |In-river catc
estimates for both the Yakinma and Colunbia rivers will be
i nportant for nearly all species. RbcoverY rates for
experimental and control groups may be so low in many
fisheries outside the Colunbia River that no clear conclusions
can be drawn about differences between rel ease groups.

Survival of taagged juveniles past McNarv Dam Coded-wire
tagged juveniles are not currently sanpled (sacrificed) at
McNary Dam Many tag rel ease groups pass McNary Dam and it

W Il be necessary to kill fish in order to identify Yakima
Ri ver release group codes.
Survival of NxN, NxH, and HxH crosses. Since this question

requires a technique that passes a mark across at |east one
generation, CWTs are not appropriate.

Trapping efficiency of adult and iuvenile trapping and passage
facilities. Trapping efficiency can be estimated accuratel

using cwrs (D. Seiler, W, ‘pers. comm.). However, i

multiple releases are nmade sinultaneously to determ ne
differences between treatment and control groups, tagged fish
must be sacrificed in order to identify fish to their
respective release groups. Body area tags could be used to
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10.

identify multiple rel ease groups. No data on m ni num size
requi rements are available yet for this tagging technique.
However, at some snall fish size body areas may be so close
that it is not possible to interro?ate the fish and identify
each marked body area unanbi guously. M ninmumfish size for
body area tagging is an area deserving further study both in
relation to mark recovery and survival

Accuracy of fish identifications. Gven that adequate qualitr
controls were inplemented during tagging, an accurate count o
the nunber of tagged and unta?ged fish (including fish having
lost tags) will be known. Tag loss is typically nuch Iess than
5 percent (Blankenship 1990). Al CAM supplenented fish cab be
identified by the mssing adipose fin and identification of
suppl emented fish will be essentially 100 percent correct,

assun1n?_that t he nunber of naturallﬁ occurring mssin

adipose fins is very low Typically, hatchery and natural fis

| ose adipose fins at rates of less than 0.5 and 0.05 percent,

respectively (Bl ankenship 1990). However, clipped adi pose fins
do not identify fish to specific release and experinmental
roups. Thus, if there is nore than one tag code rel eased,

ish will have to be sacrificed in order to identify specific
tag codes. Body area tags can provide accurate mark
identification information in adults, but do not provide the
| arge nunber of unique codes the CWM does. Accuracy of
juvenile mark identification has not been tested, but should
e investigated as this is an area where benign
identification nethods are needed. Four body areas used In
conbination will result in 15 unique marks. Increasing the
nunber of body areas to 5 will increase the nunber of unique
conbi nations or marks to 31

Spawner _distribution/stravina. Spati al and tenporal

di stribution of tagged supplenmented fish on the spawni ng
grounds can be estimted by recovering tagged fish during
spawni ng ground surveys. However, the accuracy of these
estimates will be affected by the nunber of actual tag
recoveries nmade and the potential bias in sanple recoveries
nmenti oned above in the introduction. Estinmates nmade from
adults sacrificed at nmonitoring facilities lower in the river
will be limted in spatial resolution and the actual time of

spawning will not be known.

Species _interactions. Juvenil e and adult interactions, in
terms of spatial/tinme overlaps with other species or grougs
(resident/anadronous or  experimental/control), can e
monitored through cWTs. Overlaps in juvenile distribution in
space and tine can be estimted by rel easing tagged groups and
censusing fish using techniques such as el ectroshocking
repeatedly over tine within specific study areas (see Leider
1989). As noted above, when nultiple tag codes are rel eased,
fish nust be sacrificed in order to recover the specific tag
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al l el es, suppl emented fish should be nearly identical

genetically to natural fish fromwhich the hatchery broodstock
was taken and can therefore not be separated using GSI.

However, if unique rare alleles are devel oped and used to mark
two groups it then becomes possible to estimate the proportion
of marked and unmarked fish. The accuracy with which estimtes
can be made is dependent on both the rarity of the allele used
and the nunber of alleles used. By using nore than one allele,

the rarity of each allele can be reduced and the anount of
sel ective pressure necessary to mark the fish reduced. By
reduci ng selective pressure, the |ikelihood of reducing the
fitness of the marked fish through inbreeding is reduced. It
is probable that in order to sanple sufficient nunbers of
alleles, tissue fromthe heart, eye, liver, and nuscle nmust be
coll ected which requires sacrificing fish. In cases where
there is no overlap in the allozyme frequencies, individual

fish may be identified to a particular group with a high
degree of accuracy, although such cases are rare.

9. Spawner distribution/straving. As in 8. above, wthout
selective breeding for unique rare alleles, supplenmented fish
shoul d be nearly identical genetically to natural fish from
whi ch the broodstock was taken. Thus, the proportion of
suppl emented and natural fish cannot be accurately estinated
on the spawni ng groups using GSI nethods. The proportion of
SEamners straying from one 1dentifiable substock to another
shoul d be estimable. However, unless supplementation fish are
uni qul ey marked the nunber of suppl enmentation and natural fish
straying froma particul ar substock wll not be known.

10. Species interactijons. Provi ded differences exist in the
geneti c makeup of the suppl enent ed species/substock and the
natural population then it should be possible to estimate the
rate of interbreeding between groups.

| nduced G olith Bands.

Through the mani pul ation of water tenperature, unique patterns of
alternating |ight and dark bands can be produced on the otoliths of
eyed eggs , fry or fingerlings (Volk et al. 1990). These bands
persi st throughout the life of the fish and tenperature changes of
as little as two degrees Celsius for 12 hours are sufficient for
i nducing a detectable mark. The entire e?g production of a hatchery
facility can be marked with relatively little effort (Volk et al.
1990) meking it quite feasible to uniquely mark all fish within any
experimental or rel ease group before hatching, elimnating the need
to rear the groups separately until they are |arge enough to ta?
using other marking techniques. The accuracy of separating natura
from hatchery origin fish depends on how large differences are
between the regul ar patterns of the induced bands and the irregular
natural patterns resulting fromrandomor irregular fluctuations in
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natural water tenperature. The fewer the nunber of groups, the
sinpler the pattern for each group can be and the less likely it is
that confusion between %roups w Il occur. The nunber of groups
whi ch can be uniquely marked and accurately identified is not known
at this tine, but should be quite large (easily nore than 100). To
date the techni que has been used to identify juvenile and adult
experinmental and control groups of chinook, coho, and chum
returning to particular hatchery facilities (Volk et al. 1990) and
to address m xed-stock interception problens in Bink_and sockeye
salnon (Crandall et al. 1990). To date otolith banding patterns
have not been used to separate naturally rearing from hatchery
popul ations or to characterize naturally rearing substocks of fish
although it is anticipated that separating naturally rearing and
hat chery popul ations will not be a significant problem (E Vol Kk,
WDF, pers. comm.).

The biggest disadvantage to otolith marking is that mark recovery
requires sacrificing all fish wthin a sanple, both marked and
unmarked, in order to identify marked fish and recover rel ease
roup codes. Since there is no external mark, such as an adi pose
in-clip, marked and unnmarked fish cannot be sorted out. However
otolith bands can be applied to very small fish wthout the
potential negative effects associated with other narking techniques
such as ol factory nerve damage, tag |oss, altered behavior and
stress. In addition, otolith marks can be applied to very |arge
numbers of fish in the eyed-egg stage prior to hatching at very |ow
cost.

In any study using otolith banding patterns, the total nunber of
otolith sanples that nmust be processed in order to recover 35 fish
per replicate group will depend on the proportion of the m xed-
group population that is otolith marked. If marked fish from all
rel ease groups rﬁgresent only 1 percent of the fish being sanpled
then a | arge nunber of otoliths nust be processed in order to
recover 35 marked fish per release group. wever, if the m xed-
?roup bei ng sanpled is nade up 95 percent narked fish, nearly every
ish has a mark and the total nunber of otoliths to be processed in
?rder to recover the sanme nunber of marks wll be significantly
ower .

Capital costs for water chillers, retrofitting plunbing, and an
punp systemat a typical hatchery capable of marking 400,000 eggs
resulting in 200,000 narked snmolts (assumng a very conservative
survival fromegg to smolt of 50 percent) is less than $10,000 plus
the cost of electrical service nodification which can range form
$1,000 to $9,000 (E. Volk, WDF, pers. comm., 1989). These are one
time capital costs, while the cost of operating the chiller system
over a typical marking cycle (about 4-6 weeks) is very |ow.

Chillers, etc. are not needed in facilities which have natural

sources of water with 2° C or nore differences in tenperature, i.e.

wel | and creek sources. In relatively sinple situations requiring
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only visual identification of characteristic banding patterns,
otolith processing and anal ysis should require about one man-nonth
per 1,000 fish (E Volk, WDF, pers. comm., 1989).

1. Rel ease-to-snmolt and snolt-to-snelt survival. Since fish nust
be sacrificed for mark recovery this technique can only be
used in situations where killing fish is not a serious
consi deration. Marked otoliths can be used to estinmate these
survival rates, but if the marked groups make up a very snall
proportion of the total population, it will require killing a
relativeky | arge number of fish to recover sufficient nunbers
of marked fish. when the proportion of marked fish is large
relative to the unmarked portion, tag recovery rates will be
?uch hi gher and the total nunber ofg%ish sacrificed will be

over .

Snolt-to-adult survival, Due to the fact that fish nust be
killed or recovered dead to extract mark information, otolith
banding is best suited to estimating adult survival to the
spamnin? grounds from carcass recoveries. Mnitoring adults
for otolith marks at adult passage facilities wll probably
require killing an unacceptably |arge nunber of both natura
and hatchery fish prior to spawning. In limted cases where
sacrificing adult fish is not considered a significant
proPIFm marking with otolith banding patterns could be quite
useful .

3. Frv-to-smelt survival. Qolith bands could be a Particularly
good nethod for evaluating this question since fish can be
marked as eyed eggs with no ill effects. This neans even unfed
fry outplants could be marked. However, the fact that fish
nmust be sacrificed to recover the mark limts the technique to
situations where fish can be sacrificed w thout creating
significant risk to the popul ations being sanpled and where
the marked fish nake up a large proportion of the popul ation
bei ng sanpl ed.

4. Harvest rate estimates. This techni que could be used to
address this question. However, an otolith sanpling program
woul d need to be initiated. Qoliths from known unnarEed and
mar ked hatchery and natural popul ations could be anal yzed as
a blind sanple and the accuracy of the technique estimated.

5. Survival of taaaed iuveniles past McNary Dam_ This is not an
appropriate technique at this time to address this question
because such a |ow proportion of fish would be otolith marked
that an unacceptably high proportion of fish would need to be
sacrificed in order to recovery a sufficient nunber of narks.
Any statistical analysis would also need standards
representing all known groups passing NcNary Dam
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6.

10.

Survival of NxN, NxH, and HxH CroOsses. Thi s question

typically requires a mark that is passed across at |east one
generation. However, in a limted experinental setting known
nunbers of otolith nmarked eyed eggs of known parental crosses
could be placed into a controlled stream section and al | oned
to incubate naturally. The energing juveniles could then be
sanpled at various early life history stages and the nunmber of
progeny from each cross identified. Survival, growt h,

energence timng, incubation rates, and possibly post-
energence distribution patterns and behavior of each cross
could then be estimated and the relative performance of each
cross neasured. This experinent requires controlling the
stream environment and would be best perforned in an
artificial stream channel

Trappinag efficiency of adult and iuvenil e trapping and passage
facilities. Thi s question could be addressed with otolith
mar ks when snall fish, which are bel ow acceptabl e marking size
usi ng other techniques, nust be marked. However, both nmarked
and unmarked fish nust be sacrificed for mark recovery and the
cost in terms of lost fish production will probably be to high
in nost cases.

Accuracy Of supplemented fish identification. Experi ment a
hat chery rel ease groups can be identified wth a high degree

of accuracy (Volk et ‘al. 1990). The technique has not Dbeen
aﬁplled to studies which include natural popul ations, yet.
The accuracy with which natural and hatchery origin fish can

‘be identified nust still be assessed. Due to the regularity

and predictability of the induced otolith marks conpared to
the less controlled natural populations, it is anticipated
that the accuracy of identifying hatchery and natural groups

will be high. Accuracy of natural group identification Is
unknown.
Spawner distribution/straving. Qoliths collected from

spawni ng ground recoveries can be used to estimte the spatial
and tenporal distribution of marked fish post-spamnin%.
However, the accuracy of estimates wll be affected by the
nunber of marks recovered and the bias in sanple recoveries
mentioned above in the introduction. The nunber of fish which
must be sacrificed for mark recovery at adult passage
facilities'w !l probably be unacceptably high and estimates
made from adult passage mark recoveries wll be limted in
spatial resolution

Species interactions. Qoliths are probably of limted use in
addressing interaction qges;ions since releasing mark fish for
future recovery and benign mark recovery is typically
required.
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El enent al Marking (EM).

Recent ~advances in nmass spectronetry techniques, such as
i nductively coupled plasma mass spectronetry (I CPM5), now make it
possible to neasure the concentrations of many elenents
simul taneously at the ppmto ppb level while requiring relatively
smal | anounts of material for anal ysis (<1 mg). This advancenent in
anal yti cal technology has revived interest in EMas a nethod for
mar ki ng groups of fish (Coutant 1990). Research has focused on
measuring the concentration of elenents in scales and other
calcified hard parts. Elenental marking involves increasing the
concentration of an element or nultiple elenments to levels
significantly greater than natural background concentrations.
These elenents often replace calciumin the bony structures. The
el enents are permanently incorporated into a narrow concentrated
band within the matrix of the hard parts and do not degrade
significantly overtine. Typlcallyt less than 1 ng (l-3 non-
regenerated adult scales) of material is needed for el enental
analysis. By renoving scales fromlive fish and neasuring the
concentration of elenments of interest, marked and unmarked fish
have been identified with very close to 100 percent accuracy
(Behrens vyamada and Ml ligan 1990; Bob Brown, Elenental Research,
pers. comm., 1989). Thus, mark recovery does not require
sacrificing fish.

Care nmust be taken to evaluate this marking techniques to insure no
negative effects on growmh and survival are associated with the
el ements used in the marking process. A nunber of elenents have
successful |y been denonstrated as useful for fish marking purposes
i ncluding: samarium |anthanum and cerium (Brown 1990), strontium
rubidium and nmanganese (Behrens yvamada and Mulligan 1990) and
europium (C. Coutant, oakridge National Lab, pers. comm.). Two
groups of coho, one nmarked with ¢cwrs only and the other strontium
and OWI. -marked, were released by Pacific Biological Station
personnel and recovered as adult hatchery returns 18 nonths |ater.
No difference was found in snolt-to-adult survival of the two
rel ease groups (T. Mulligan, PBS, pers. comm.).

Mar ki ng costs are unknown at this tinme because the nost effective
el enents and form of introducing the mark; feedin? or i mmersion,

has not yet been determ ned. The elenments currently being tested
such as strontium [|anthanum ceriumand a number of the other rare
earth elenents are relatively inexpensive. For exanple, using
strontium chloride in feed it cost $3.40 for the materials used to
mark 200 juvenile sockeye (Behrens yamada and Mulligan 1990). Usin

this estimate it would require $3,400 of materials to mark 200, 00

fish. Actual cost would probably be nuch |ower when elenents are
purchased in bulk. The cost of any associated equi pnent for
effluent treatment cannot be nade at this tinmne.

Mark recovery costs are also uncertain at this time, and wll
depend to a large degree on the analytical technique used, the
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total number of sanples to be processed, and the nunber and kind of
el ements which nust be neasured per sanple. Current |CPMS costs are
$30 per element per fish for relatively small |ots of sanples,
al t hough the cost per sanple may be closer to $10 per el enent per
fish when large nunbers of sanples are processed (B. Brown,
El enental Research, pers. comm.). Actual |CPMS analysis of a sanple
takes only about two mnutes.

Wrk still needs to be done on a nunber of significant concerns,
such as: the nost efficient delivery systemfor EM ﬁinnersion or
feed), the toxicity and recommended dosage for elenents, FDA
approval allowing release of elenentally marked fish, and
envi ronmental (EPA) concerns about effluent fromeither feed or
imrersion. O her issues of concern include background |evels of
el ements in hatchery reared and natural populations, feasibility of
using multiple-elenent marks so that conbinations of elenents can
be used to uniquely identify replicate releases or nultiple release
groups, and inproving mcroanal ytical techniques so that spatial
Information (where on the calcified tissue the mark occurs) can be
obtai ned. These |ast two concerns are inportant, since spatial
resolution and multiple-element marking provide the opportunity to
create a nuch greater nunber of unique marks. Mcroanal ytica
techni ques that give spatial resolution will also mnimze dilution
probl ens and increase sensitivity (see 8. below. FDA approval for
each nark|n? compound nust be obtained or the technique, no matter
how successful at nmarking fish, wll be inpossible to apply.

Progeny of anadronous and non-anadronous steel head/rai nbow trout
have been i dentified usi ng m croanal ysi s of strontium
concentrations in otolith nuclei (Kalish 1990). Progeny of
anadr onous st eel head have higher levels of strontiumin their
otolith nuclei than(frogeny of rainbow trout because the eggs of
anadromous steel head absorbed strontium while the female is
imersed in saltwater, which contains significantly higher |evels
of strontiumthan freshwater. This techni que could be aBpIied at
this tinme to determ ne whether adult steel head and rai nbow trout
were progeny of anadromous or nonanadronous femal es by neasuring
the strontium content of their otolith nuclei. Fish with elevated
| evel s of strontium are progeny of anadronous fenmales. Adult retun
could be otolith sanpled and the relative contribution of each life
history type (anadromous danfanadronmous progeny, anadronous
dani nonanadr onous progeny, etc.) could then be estimated.

Anot her intriguing potential application of EMis to intentionally
mark progeny by injecting gravid fenmales with a solution of a
marking element causing the eggs to absorb the marking element
After fertilization, the elenent should be incorporated into the
devel oping otoliths of the fish. In this way, the otoliths of the
female's progeny are marked with a concentrated band of the
i ntroduced el enent. Females of hatchery origin could be narked with
one element and natural females with another. Females could be
confined in a controlled stream section and allowed to nate wth
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mal es of either hatchery or natural origin. The progeny of these
mati ngs coul d be sanpled and maternal origin identified. If the
size, age, and nunber of fish in each group of narked fenmales is
equal we woul d expect the nunber of resulting fry or smolts to be
equal across groups, as well. By neasuring the resulting production
we have a nmeasure of reproductive success of each mating type under
essentially natural conditions. Wrk should begin imediately to
devel op this nethod of narkin? and m croanal ytical nethods for
otolith analysis should be devel oped.

As with otolith banding studies, the total nunber of calcified
ti ssue sanples that nmust be processed in order to recover 35
elemental |y nmarked fish per replicate group will depend on the
proportion of the m xed-group population that is elenentally
marked. |If marked fish fromall rel ease groups represent only 1
percent of the fish being sanpled then a | arge nunber of tissue
sanpl es nust be processed in order to recover 35 marked fish per
rel ease group.

The functional equivalent of the adipose fin clip which allows
quick visual identification of CW-marked fish is currentl
lacking. WDF is now in the process of devel oping a nmethod o
marking scales with a fluorescent mark which could be used as a
generic mark for all EM and otolith marked fish. Scales would be
renoved from fish and passed under an epi-fluorescent m croscope.
Fl uorescently marked fish would then be identified (all rel ease
groups are fluorescently marked). In the case of EM mark recovery,
only scales from fluorescently nmarked fish would be anal yzed for
elgnental mar ks whi ch woul d identify the particular rel ease group
code.

In the followi ng ten discussion points it is assuned that the major
questions regarding EM have been satisfactorily answered such as
acgU|r|ng FDA approval , establishing effluent treatnent ﬁrotocols,
and determning the nost efficient mark application methodol ogy.

1. Rel ease-to-snolt and snolt-to-snmelt survival. EM coul d be
used to estimate these survival rates. An entire group of fish
could be marked before release via diet or imersion., The
nunber of fish passing various nnnitorinq facilities can then
be estimated by collecting scales fromlive fish, analyzing
the scale sanple for elenental conposition, and identifying
the marked fish by their elevated |levels of specific elenents.
Sacrificing fish will not be necessary.

2. Snolt-to-adult survival. Live adult fish could be scale
sanpl ed at passage facilities and the marked fish identified
bK the significantly higher levels of specific elements. From
this information the total nunber of returns for each narked
group can be estimated and survival rates for each group
estimated w thout sacrificing fish.
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Frv-to-snolt survival. Fry begin form ng scales at about

three-four centinmeters. Thus unfed fry would probably not have
scal es devel oped at release. EM | ooks to be a promsing |ow
stress way to mark small fish with scal es which may not be
efficiently or effectively marked with other techniques. WDF
has successfully marked energent sockeye and chumfry otoliths
and vertebrae using a stable isotope of strontium

Harvest rate estimates. Estimates of harvest rates outside of
the Columbia/Yakima river systens would require a great dea

of sampling effort and require processing a very |arge nunber
of sanples. Harvest rates of in-river fisheries are possible
if sanpling prograns were inplenented and .the popul ations
contributing to the fisheries are baseline sanpled to
detﬁrn1ne the background levels of the elenents used in
mar Ki ng.

Survival of taagged iuveniles past McNary Dam It coul d be
possible to estimate snolt survival to McNary Dam using Em
Baseline information on the other popul ati ons passi ng MNar
Dam woul d be needed in order to be certain the population o
interest is uniquely marked. In addition, EM sanplin
juveniles would have to be included in the screening protoco
for Huveniles passing through the dam |If the narked
Popu ation makes up a small proportion of the mxture then
arge nunbers of marked and unmarked fish will need to be
processed unless a fluorescent mark on the scales is used to

sort put nmarked fish.

Survival of NxN, NxH. and HxH crosses. This question requires
a mark that can be passed across at |east one generation. It
may be possible to mark the otoliths of progeny of gravid
femal es by elevating the | evel of one or nore trace el enents
in the femal es body cavity through injection of a marking
solution prior to spawning. The eggs would then absorb the
trace elenment and incorporate it into their devel oping
otoliths after fertilization. This nmethod would be done on an
experinental basis rather than production scale and would
require sacrificing guvenile fish in order to collect otolith
sanples. A section of a tributary or artificial stream channel
woul d need to be segregated into four equal sections of
conpar abl e spawning quality. Into each section equal nunbers
of uniquely marked hatchery or natural origin fenal es of
conpar abl e age and | ength woul d be released. Into each section
either hatchery or natural origin nales would be rel eased and
the adults allowed to spawn. In this way the four possible
matings of hatchery and natural nales and fermales are made: ®H
S X HQ, HoX N9, Nox Ne,and No x B ¢. The fry from
each section would then be sanpl ed at energence or after a
| onger period of devel oprent. Since the females in each of
the four sections are uniquely marked, separating the stream
sections after spawning wll not be necessary and progeny from
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each mating (i.e. Bo x li Q) wll be identifiable. Goliths of
surviving juveniles can then be analyzed to determ ne the
parental origin of each fish. This data can then be used to
estimate and conpare the relative survival or reproductive
success of each cross.

Travping efficiency of adult and iuvenil e trapping and passage
facilities. Trapping efficiencg coul d be estimated using EM

Trappi ng efficiency can often be related to the size of fish
and EM may be one nethod for evaluating trapping rates of very
small  fish which cannot be tagged easily wth other
techniques. In addition, it would not be necessary to
sacrifice fish for sanple collection. For larger juvenile fish
other |less analytically conplicated techhi ques would be
recommended.

Accuracy Of supplemented fish identification. Curr ent
research with rare earth elenents and strontium have resulted
in very high classification accuracies (>95 percent) of
juveni |l e experinmental and control groups (Behrens vyamada and
Mul | igan 1990; T. Mulligan, pers. comm., 1989; B. Brown, pers.

comm., 1989). Adult identification can be conplicated by a
dilution effect due to the growth of the fish's hard parts not
to loss of the marking material. For elenents that are rare
t hroughout  the fish's rearin? envi ronnent and in
concentrations above detection limfts, the dilution effect may
have little or no significant effect. However, for elenents
which are not rare, such as strontium (present in sea water at
a relatively high concentration), the additional materia

taken up over the ocean rearing phase can dilute and obscure
significant difference between experinental and control groups
(Behrens Yamada and Mulligan 1990). By excising the freshwater
portion of the scale using a "cookie cutter™ techni que and
analyzing only the excised portion, this problem can be
overcome. O her analytical techniques are being investigated
as ways to overcone the dilution effect as well, such as
vapori zation furnaces and |aser ablation

Spawner distribution/straving. EMcould be used to estinate
the nunmper of fi1sh Pa55|ng t hrough an adul t Eassage system by
col l ecting and anal yzing scal e sanples w thout sacrificing
fish. Estimates of mgration timng and spatial distribution
can be nmade to a level of resolution determ ned by the

monitoring facilities. Actual time of spawning will be
unknown, however. Scale sanples collected from spawni ng ground
recoveries can be used, as well. However, the data may be

affected by biases in sanple recoveries nentioned above in the
i ntroducti on.

Species interactions. Juvenile fish could be identified to a
particul ar nmark group thrqﬂgh EM anal ysis of scale sanples.
It should be possible to identify a fish to its respective
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rel ease group each tinme it is recovered and neasure response
vari abl es such as spatial and tenporal overlaps in rearing and
noni tor novenents of rel ease groups. Scal e sanples should be
spread out randomy over a large portion of the fish's body.

This should be done in order to avoid taking scales from
exactly the same place twice since new scales wll be
regenerated to replace those lost in any previous collection
and all scales regenerated after elenental marking will |ack

the mark

Visible Implant (V.I.) Tags.

V.I. tags are simlar in concept and use to the CWM (Haw et al

1990). Tags are small (approximately 0.6 x 1.5 x 0.13 nm, have a
relatively |low inpact on fish behavior and survival conpared to
external tags and fin nutilations. In salnonids, the V.I. tag is
generally injected into the clear adipose eyelid tissue just
posterior to the eye. The inportant difference between cwrs and

V.I. tags is that V.|I. tags can be visually decoded without
sacrificing fish. Individual fish can be tagPed Wi th uni que codes,
as well. As juvenile and adult fish are sanpled at trapping sites,

fish would be exam ned for the presence of a V.|. tag, the tag code
visually read if present, and the fish pronptly released to
continue its mgration. Thus, fish can be sanpled nultiple tines
and i ndividual s tracked tenporaIIK and spatially to determ ne
mgration/distribution trends, growh rates and survival. V.I. tag
codes are al phanuneric and can be identified with a particular
experimental group or individual fish, if need be. As the current
state of the tag now stands, salnonids |ess than 150 nm are not
recommended for tagging (L. Blankenship, WDF, pers. comm., 1989).
St eel head and spring chinook snolts would ﬁppear to be the nost
i kely sgecies on which to apEIK this type of tag. The technol ogy
has not been used to nass nar undreds of thousands of fish yet,
al though 8,000 V.I. tagged steel head smolts were rel eased from one
Washi ngton state hatchery in 1991

Current cost-per-tag estimtes are about $20-30/100 tags depending
on the quantity ordered. However, V.l. tag data collection and
decodi ng costs should be several orders of nagnitude |ess than for
cwWTs, recovery information should be available alnost imediately,
and sacrificing fish is not necessary. Specialized |ab equi prent
and trained personnel for tag decoding, as well as dedicated
facilities for handling and storing sanples, would not be
necessary.

Two other newl y devel oped benignly recoverabl e marking mnethods
simlar in concept to the V.I. tag are cwrs and fluorescent
materials injected either into the adipose fin, between ventral fin
rays or into adipose eyelid tissue. These techniques are currently
bel ng devel oped and tested on juvenile fish by Northwest Mrine
Technol ogy (NET). Costs are expected to be an order of nagnitude
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cheaper than V.1. tagging and applicable to fish about 100 mmin
l ength (L. Blankenship, WDF, pers. comm.). Using different colors
and mark locations nore than 15 different rel ease codes are
possible. If individual fish nust be identified upon return then
i ndi vidual | y nunbered cwTs can be injected into the adipose fin
whi ch can be excised on return (Haw 1991). Tagged fish would have
their adipose fins renoved with the tag in place. A nunbered jaw
tag can then be placed on the fish and upon subsequent recovery the
fish can be identified to its respective CM code. On the spawni ng
grounds jaw tagged carcasses wth mssing adipose' fins could either
ave a snout cwr still in place or have had their adipose fin owr
renoved. Snout cWTs shoul d be recovered from carcasses so a neans
to identify snout CM fish as carcasses woul d be useful. This coul d
be acconplished by JaM(taggln? fish ad-clipped as_guven|les with a
uni que jaw tag code which would inmmediately identify these fish on
the spawning grounds. It will then be clear which jaw tagged fish
have CWTs in their snouts. Fish with mssing adipose fins and no
jaw tag are known to have been ad-clipped as juveniles, assun1nﬂ
Jaw tag loss is insignificant. Any of the response variables whic

can be addressed with V.I. tags can probably be addressed equal |y
well with these tagging nethods and, in cases where fish |ess than
150 mm nust be tagged, one of these other techniques may be a
better choice.

1. Release to snolt and snolt-to-snolt survival. The V.I. tag
shoul d Pive reasonabl e results to questions dealing with snolt
survival provided the size at tagging is |arge enough and the
nunber of fish to be marked is not prohibitively large. The
initial investnment in tagging fish and subsequent dollar |oss
due to nortalities before sanpling, such as occur in spring
chinook, will be greater that for cwrs but at |east one order
of magnitude lower than for PIT tags. V.lI. tag data recovery
will be l[abor intensive due to fish handling but relatively
cheap and available inmrediately w thout sacrificing fish.
I ndividual fish can be identified, just as with PIT tags.

2. Smolt to adult survival. V.I. tags are an appropriate marking
t echnol ogy for addressing this question provided fish are
| arge enough prior to release. The study and anal ysis would be
very simlar to a CM study, except that fish would not be
sacrificed to decode the tag. Also, if fish are individually
mar ked, age and growth can be rel ated back to rel ease size for
each fish and the relationship of release size to the
proportion of_#acks returning and age at return can be
Investigated. Tag shedding may be a significant problemin
carcass recoveries as fish deconpose although this has not
been tested.

3. Frv to snolt survival. Fry are below the nmininumsize (150
mm) which can be tagged using V.l. tags. Therefore, this
question cannot be addressed using current V.I. tag
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technol ogy. QO her benignly recoverable techniques nentioned
above can be used on fish down to 100 mm

Harvest rate estinmates. Al though there is currently no
sanpling plan for recovering V.I. tags frominside Colunbia
River fisheries, a concerted effort to collect V.I. tag data
m ght be possible without a large investnent in |abor or noney
bK sinmply alerting current sanplers to the tags presence.
Therefore, this question could be addressed using V.I|. tags,
particularly within the Yakim River.

Survival of tauaed iuveniles past McNary Dam Al t hough
sanpling for V.I. tags is not currentl¥ done at Nthhrg, It
could be done while checking juvenile tish currently bein

screened for freeze brands at McNary Dam Data on eac

experinmental release group could be then be collected. If it
were necessary to nonitor the mgration of individual fish for
magration timng trends and survival studies, this could be
done by tagging fish with individually nunbered V.I. tags.

Survival of NxN, NxH. and HxH crosses. Since this question
requires a techniques that passes a mark across at |east one
generation, V.I. tags are not appropriate.

Trapping efficiency of adult and iuvenile trapping and wassaue
facilities. V.I. tags could be used to address trapping

efficiency questions in the sane manner that the CW. woul d be
used, accept that sacrificing fish would not be necessary.
This would allow the rel ease of replicate groups or nultiple
experimental groups and not require killing fish to get
recovery information on each group. In addition, if fish are
individually nmarked, size at release can be exam ned in nuch
greater detail and its effect on trapping efficiency,
mgration timng and survival studied.

Accuracy of suwolenented fish identification. As with cwTs,
once the V.|I. tag code has been recovered visually, fish

should be identified with 100 percent accuracy to the
appropriate experinental /rel ease group, provided tag |loss is
mnimal. |f all supplenented fish are V.I. tagged, returning
adults can be checked, identified as supplenmented or not,
identified to a specific tag ﬂroup or fish, and finally
rel eased unharned. Decoding of the tag is imrediate.

Swawner distribution/straving. Spawni ng ground surveys can
be nmade and all recovered fish checked for V.I. tags. Tag
sheddi ng by post-spawning adults is unknown at this time, but
I's probably high for carcasses as they deconpose.

Species interactions. Juvenile and adult interactions in
terns of spatial/time overlaps with other species or groups
(resident/anadronmous or experinental/control) can be nonitored
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using V.I. tags. Overlaps in juvenile distribution in
space/time can be estimated by rel easing tagged groups and
censusing fish using techni ques such as el ectroshocki ng over
tine in various study areas (see Leider 1989). Since fish are
not sacrificed, multiple recoveries are possible and estimate
on residence time and novenents are possible for individual
tag groups or fish. Recoveries of V.I|. tagged adult fish can
be used to estinmate the degree of spatial/tenporal overlap in
spawning distribution between different species, stocks or
exBerlnentaI/controI_groups, as well as, adult survival rates
subject to the relatively |low recovery rate and bias problens
described in the introduction

Passi ve | nteurated Transponder (Pl T) tags.

PIT tags possess the advantages of the V.I. tag with the additional
benefit of automatic data |ogging by renpte sensors in juvenile
fish passage facilities. Thus, handling fish for data collection is
el imnated and approximately 95% or nore of the fish passin
through the nonitoring device are interrogated. In addition, eac
i ndividual fish can be marked uniquely. According to' Prentice et
al. (1990)] there are no neasurabl e negative affects on fish
rowh, survival, respiration rate, tail-beat frequency or stamna
ue to PIT tagging fish as small as 55 mm (1.6 g). It 1s difficult
to understand how a tag that is 22 percent of a fish's body |ength
and perhaps 50 percent of the body cavity |length can have no
significant effects on growth, behavior and survival of such snall
fish during the critical first few days after release. The PIT
tag's effects on survival, behavior, and growth of actual rel eases
of small fish deserves nore rigorous study in order to identify a
m ni num recomrended size for tagging. Nhn%aresearchers f eel
confortable tagging fish 80 nm and [larger (D. ynard, NWFS, pers.

comm.).

The benefits of autonatic data collection conme at a cost. PIT tags
are currently priced at about $3-4 per tag depending on the
quantity ordered. In addition, capital construction costs
associated with installation of juvenile nonitoring sensors are
hi gh, sensor arrays are expensive ($60,000 per set of three coils
and nore than one set is generally needed per nonitoring station),
and mai ntaining the conputerized data collection systemis an
additional continuing cost factor

PIT tag nonitoring of adult returns at mainstem Col unbia River dans
usi ng current technoloqy has been determ ned to be unfeasible a",
this tinme due to problens associated with adult interrogation
systens (see DeHart 1991). These problens include FCC licensing
requi rements, radio frequency interference from other on site
electrical systems (e.d., rheostats, electric nmotors), and
shielding fish and personnel from high frequency radio waves. In
addition, tag shedding in Skagit River coho has recently been
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estimated to be about 60 percent in fenmales and as high as 20
ercent in males (D. Maynard, NVFS, pers. comm.). Tag sheddi ng has
een docunented informally in other Pacific salnon species at or

near spawning as well, but has not been as high as in coho and has
not been detected in males at this time. Significant tag sheddi ng
of a larger tag (17 mnmx 7.5 nm diameter) has been docunented in
Atlantic salnon after 4 nonths (More et al. 1990). Tag | oss by
maturing adults puts into question any estimtes based on either
spawni ng ground recovery of PIT tags or nonitoring adults in the
lower river. Until it is known at what period in the fish's life
history tag sheddi ng becones a serious problem pre-spawning in-
river data will be suspect.

A plastic jaw tag with an inplanted PIT tag has been tested in the
Col unbia R ver and could be a useful tool for nonitoring adult in-
river movenents. The usefulness of this tool is dependent on a
satisfactory adult nonitoring system being designed. NMFS's nost
recent plan for adult nonitoring is to put devel opnent of the
current high frequency 400 KHz tec nologg on hold and wait for the
new y devel opi ng | ower frequency 125-132 KHz technol ogy to energe
and provide new options that will lead to nore feasible adult
monitoring systems. The |ower frequency technology allows 2-3 tines
the interrogation range, probably elimnates the need for FCC
l'icensing, reduces radio frequency interference, and na¥ be |ess
expensive overall. It wll be a mninmof one year before such
devel opnents take place according to E. Prentice (NMFS).

Monitoring PIT tagged juvenile fish at dans al ong the Col unbia
River, including McNary, would all ow estimates of the nunber of
marked smolts from each group passing and the duration of
mgration. |f PIT tagged fish are diverted and neasured, growth
after release for each fish within experinental and control groups
can be estimated, as well. However, si ze biased trapping
efficiency, which is not equal at each dam (Gorgi et al. 1988,
Gorgi 1990) and may not be equal at each nonitoring site, nust be
under st ood before accurate estimates of passage can be nade. This
problemis not unique to PIT tags and exists for any marking
techni que which uses recoveries at nmultiple daminonitoring sites.

A NVFS proposal has been made to devel op a new generation of PIT
tags using acoustic frequencies rather than the higher frequency
range of the current PIT tags 8Prentice 1991). This tag woul d boost
the detection range to about 40 feet allowi ng interrogation of fish
in situ in many instances. The tag would be conpatible with
existing PIT tagging infrastructure such as tag injectors, data
handl ing and tag size, although renote detection systems would have
to be replaced. Adult tag shedding problenms would still exist
however, since no change in tag encapsulation materials is
anticipated. No working prototype of the tag has been constructed
yet and the technology renmains on the drawing board at this tine.
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Rel ease to snolt and snolt to snolt survival. PIT tags can
effectively address this question. It is anticipated that in
many situations survival will be |ow between tag rel ease and
recovery necessitating the rel ease of a |arge nunber of ta?s
no matter what tag/mark is used. However, the high cost of PIT
tag costs will be offset to some degree by the need to rel ease
fewer tags since automated tag recoverr typically allows nore
fish to be sanpled and consequently higher nunbers of

recoveries. This benefit will be greatest when the vol ume of

fish to be handled is high. Wen fish volumes are |ow and can
be |nterrogatedfjust as easily byhand or other nmethod, PIT
tags | ose much of their advantage relative to cost. Handling
of fish can be reduced by a ratio of 33:1 in main stem
%)ég)nbia River cwr and brand nonitoring (Prentice et al.

Snolt to adult survival., Due to the high rate oftag | oss
denonstrated in spawni ng coho sal non spawni ng ground recovery
of PIT tags is not recormended. The tine period tag sheddi ng
occurs nust be identified in order for PIT tags to be used as
areliable method for estimating adult survival to |lower river
cites. Tags may be being shed as the fish are maturing and
ganetes begin to loosen up, thus allowing tags to nore easily
mgrate out of the body cavity. If this is true, then tag |oss
may occur well before spawning occurs and mark recovery data
on fish collected at lower river facilities may be biased by
tag loss, as well. Survival rates are such that entire rel ease
groups nust be tagged in order to recover a mninum nunber of
tags for statistical analysis.

Frv to snolt survival. It is not recoomended that fish as
small as 55 mm (1.6 g) be PIT tag%ﬁd and rel eased as
recomrended by Prentice et al. (1990). til a rigorous stud
is performed to look at the PIT tag's effects on actua
rel eases of fish of varying size under operational conditions,
t he m ni num reconmended size for tagging should be about 80
mm.

Harvest rate estimates. Unprocessed adults carcasses (viscera
Intact) can be interrogated using a hand held tag detector
making mark recovery from fishery sanples possible. However
the tine period when adult tag sheddi ng becones significant
has not been identified and may begin as early as entrance
into freshwater

Survival of taaaed juveniles wast McNary Dam  McNary Dam
currently has sensors installed that will detect PIT tags as

they pass downstream naking PIT tags an excel | ent techni que
for nonitoring passage of juveniles thro%gh damsites. Adult
moni toring systems have not been devel oped or installed.
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Survival of NxN, NxH, and HxH crosses.  Since this question
requires a technique that passes a mark' across at |east one
generation PIT tags are not applicable.

Trapping efficiencyv of nd | Ll e trapping_and passage
faciTities. PIT tags are an excellent way to nonitor the

?assage of snmolts to determne trapping efficiency. Yearling
I sh should be [arge enough to be tagged. Snaller sub-yearling
fish may not be large enough to tag w thout affecting
n1?yat|on behavior and survival, however. Adult trapping
efficiency could be estimated if the tags were attached to the
jaw with a plastic cinching jaw tag. However, a viable nethod
of interrogating adults would need to be devel oped and
installed at the nonitoring facility. Al though it nmay be
possible to fit small scale adult passage facilities such as
at Prosser with 400 KHz adult PIT tag nonitoring equipnent it
woul d be prudent to wait for the devel opnent of the |ow
frequency hardware and not have to replace obsolete 400 KHz
equi pnent after possibly one or two years.

Accuracy of suww enented fish identification. Once PIT

t ags
have been inplanted, tagged juveniles should be identifigd
y

with 99 percent accuracy (Prentice et al. 1990). In addition,
large nunbers of juvenile fish «can be _automaticall
|nterreﬁated (20,000/hour at a ratio of 1:4 PIT tagged to
untagged fish) using renote sensors at 93 percent detection
efficiency or higher. Adult interrogation rates for coho
sal non have been estimated at 360 fish per hour (Des Maynard,
NMVES, pers. comm.). However, when juvenile and adult fish
volitionally nove through a monitoring system they can "park"
in the tag interrogator causing the tag to be read nmany
thousands of times. This becones a problem when the
orientation of the fish changes and radio frequency
interference occurs causing many tag reading errors to occur:
These errors nust be identified and corrected. Adult tag
shedding is a major problem making PIT tags inappropriate for
mat uring adult survival experinents at this tinme. PIT tags
enbedded into jaw tags and placed on adults should be
accurately identified once the adult nonitoring technology is
devel oped.

Swawner distribution/stravina. = Adults marked as juveniles
shed PIT tags making this marking nethod inappropriate for
this question. \Wen used in concert wth a benignly
recoverable mark placed on juvenile fish, adults jaw tagged
with PIT tags could .pbe used to estimate straying of
suppl emented fish, time of entrance, rates of novenent between
monitoring points, and fall back rates by rel ease group
proyuﬁeqj adult nonitoring equiprment were devel oped and
I nstall ed.
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10. Specjes interactions. Juvenile interactions in ternms of
spatial/tine overlaps wth other species or groups

(resident/anadronous or experinental/control) could be
moni tored using PIT tags and woul d not require sacrificing
fish for tag recovery. Overlaps in juvenile distributions in
space/time and survival can be estinated by rel easing tagged
roups and censusing fish using techni ques described by Lel der
3198%. Fi sh can be |nterr3?ated with a handheld PIT tag
etector for code recovery and rel eased unharmed. If fish are
tagged with individual codes, nmovenents of individual fish
could be traced over time. Limts on the mninmum size of fish
whi ch can be tagged w thout significant behavioral and/or
survival effects have not been established yet. Recoveries of
PIT tagged adult fish cannot be made with confidence at this
time due to tag shedding by mature fish prior to spawning.

I ndi vidual v Nunbered Jaw Taus

Jaw tags have been used extensively in fisheries studies at WF (D.
Seiler, WDF, pers. comm). Jaw tags could be used in the YKFP to
neasure adult response variables such as mgration rates between
adult monitoring facilities within the Yakima River, run timng of
natural substocks and hatchery rel ease 3roups, popul ati on estinates
(mark-recovery), fall back rates, and assessing biases in mark
recovery and denographic data collected from spawni ng ground
recoveries. Such information could be stratified by |ength, sex,
and age if sufficient nunbers of fish were recovered. As fish are
passed upstream at an adult nonitoring facili%y, fish already
tagged or narked to identify release group would be identified,
| engt h/ sex/ age data collected, and an individually nunbered jaw tag
attached. Naturally rearing returns could also be jaw tagged in
order to nonitor their novements and nunbers. However, natural
straﬁlng rates could not be estimated unless the origin of the fish
can be i1dentified.

Jaw tags woul d be particularly useful in conjunction with renovabl e
tags, e.g. OM in the adipose fin. Once a renovable tag is excised,
the fish can no longer be identified to its rel ease group. However,
fish can be jaw tagged at the time the renmovable tag is collected
and can then be i1dentified to rel ease group upon subsequent
recapture.

The V.1. tag may be able to serve the sane purpose as the jaw tag,

al though it has not been tested or utilized in such a manner at
this time. V.lI. tag retention and visibility in adults is not known
and tag shedding may occur at high rates in post-spawning fish and
deconposing carcasses. Ajawtag is nore firmy attached and w ||
probably have a longer retention time for spawning ground
recoveri es.
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WDF has used jaw tags to estimte coho population sizes within the
Chehalis River system (D. Seiler, WDF, pers. comm.), as has the
Skagit System Cooper ative (Hayman 1990). Using an opercle punch as
a second tag to assess jaw tag | oss, WDF found that over two years
of jaw taggi ng coho sal non at Bi ngham Creek no | ost jaw tags were
detected 1n spawning ground recoveries (S. Neuhauser, WDF, pers.
comm.). Jaw tag loss and | oss of the identification nunbers has
been a problem when plastic encased "hog ring" tags were used
(Hay-man 1990).

1. Rel ease-to-snmolt and snolt-to-snolt survival. Not appropriate
for this question.

2. Solt-to-adult survival. Not appropriate for this question.

3. Frv-to-snolt survival. Not appropriate for this question.

4. Harvest rate estimates. Not appropriate for this question

accept for fisheries occurring above the |owest adult
moni toring/jaw tagging site.

5. Survival of taaaed iuveniles wast McNarv Dam  Not appropriate
for this question.

6. Survival of NxN., NxH, and HxH crosses. Not appropriate for
this question.

1. Trawm na efficiency of adult and juvenile trapping and passage
facilities. Adult passage facilities could be tested usin

jaw tags. Juvenile fish are too small to be jaw tagged. If Pl
Jaw tags are used an adult PIT tag nmonitoring system nust be

In place.

8. Accuracy of fish identification. Accuracy of ta
| dentification should be very high. Tag | oss and | oss o
identification nunbers is not a problem when using al um num
bird band tags. Tag loss rates for PIT jaw tags (electrical
cinch straps) is unknown at this tinme.

9. Swawner distribution and stravina. Spawner distribution
(tenporal and spatial) and popul ation estimation are the
primary areas where jaw tags can contribute. Run timng trends
from mark/recapture data, tenporal novenent patterns between
monitoring sites, and straying of known origin fish can be
estimted. There are a nunbér of nethods available for making
estimates of popul ation size based on mark/recapture data.

10. Speciesinteractions. Jaw tags are not likely to be a nmjor
tool in measuring species intéeractions, although information
on intra-specific interactions between supplenented and
natural adult returns should be useful.
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Br ands

Brands are not detectable over |long periods (2-5 years) with a high
degree of reliability (Coonbs et al. 1990). Short termuse may have
applications when detection periods are short (weeks) and other
techniques are not available or usable. Brands are typically
created by scaring the surface of a fish u3|n%_netal brands cool ed
to very low tenperatures. This allows the fish to be visually
identified to 1ts release group although brands often are not
visible for the first few days after application. Problens can
occur when fish are stressed during marking because of factors such
as poor handling or Prlor di sease infection causing increased
nortality. However, alnost all marking techniques are subject to
these problens to sonme degree. The effects of the branding process
can be variabl e, dependlni‘on the met hods used and the experience
of the individuals in marking fish. Prentice et al. (1990) found
that freeze brands were recovered at significantly |ower rates than
PIT tags in sone cases. The reasons for the |ower recovery rate
were not identified but may have been due to either the marking
t echni que, brand sanpling technique, or the nethod used to estimate
(expand) brand recoveries at the dam facility.

Scal e Pattern Analvsis (SPA)

Fi sh have a record of their growh history recorded in the patterns
of circuli on their scales. Fish which have different growth
histories, due to different rearing environments and/or genetic
makeups, W || have different patterns of circuli on their scales.
Based on differences in scale patterns between known origin groups
of fish, mxtures of scales made up of the baseline groups can be
anal yzed and the proportion of each group estimated. Statistical
methods used i nclude |inear discrimnant analysis (LDA) and maximum
l'i kel ihood estimation (MLE). It is not necessary that size at
release differ significantly between groups, as long as growth
rates differ during sonme portion of their lives. As a general rule,
the nore groups there are to discrimnant between, the |ower the
accuracy of estimates will be. Al potential groups contributing t
a statistical stratumnust be represented by baseline information
in the nodel. Fish from unrepresented groups which occur in a
n1xt#ﬁe sanple wll classify to the group they nost closely
resenbl e.

Scal e sanpl e processing, neasurenment, and analysis of 8,000 sanples
requires approximately one man-nonth. Typically, sanpling of
basel i ne groups nust be done on a yearly basis due to inter-brood
year differences in scale patterns. Baseline sanples are typically
between 100- 200 sanpl es per group and each statistical stratum
(e.g. fishery week) should be made up of at |east 100 fish. Fewer
fish may be necessary when classification accuracy is high (>90
percent for all groups). Discrimnating between rel ease grouPs
using SPA is not likely to be successful since it is unlikely
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differences in growh between treatnent, replicate, and contro

groups will be sufficiently large to create significant differences
In scale patterns between release groups. Nat ural  versus
suppl enment ed grou% separations w |l have the highest |ikelihood of
success. Natural Yakima spring chinook substock discrimnation has
not proven to be successful to date (see Chinook substock
;denglfication section). No discussion of the ten points follows
or SPA

Par asites

Parasites have been used to differentiate between stocks of
sal monids, particularly in sockeye salnon (Mles et al. 1990,

Konoval ov 1971). The presence or absence of a species of parasite
is determned from baseline sanples of tissue typically renoved
fromthe brain or internal organs. The fish can then be identified
to the stock or grou%_of stocks that have that characteristic
arasite infestation. The binary nature of the information nmakes it

imted in resolution and unless nultiple parasites are present and
the infestation |evel varies between a nunber of the stocks of
interest, or it is used in conjunction wth sonme other stock
identification nethod (see Wod et al. 1988), only two groups can
be identified. In many cases fish nust be sacrificed to determne
infestation levels. Thus, it is unlikely to be of significant value
in separating treatment, replicate and control release groups.

However, parasites may be useful in identifying supplenented from
natural groups if either supplemented or natural fish are sheltered
from sone parasite that is present in the other population and the
| evel of infestation can be determned from recovered carcasses.

In addition, it could be possible that spring chinook rearing in
the lower river (early outmgrants) are infested with parasites at
a different level than fish noving out of the upper river as
yearlings. For this reason, a subsanple of spring chinook juveniles
collected for GSI analysis ofearly and |ate outm grants shoul d
al so be screened for parasite infestation |evels.

Monhonetrics

Mor phonetrics has been suggested as a nethod to differentiate
naturally occurring substocks, identify resident trout and
st eel head, and to separate hatchery from natural snol ts.
Mor phol ogi cal differences between substocks of sal monids have been
identified (Beacham and Murray 1987, Beacham et al. 1988; W nans
1984, 1987a) and can in some cases accurately separate groups of
fish (Wnans 1984). Typi cal |y, the accuracy of substock
identification is not great enough to separate populations in a
m xed sanple. The task of |dent|f¥|ng subst ocks of fish during
outmgration, however, s made difficult by 1) the significant
nor phol ogi cal changes occurring to fish during snoltification
(Wnans 1987b) and 2) norphol ogical differences that devel op
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between fish of the sane substock exposed to distinctly different
rearing environnents (Currens et al. 1989). Morphol ogi cal changes
occurring during snoltification are great enough that they wll

likely mask, shift, or confound genetically based substock
differences (G Wnans, NWS, pers. comm., 1989). Both resident and
nonresi dent juvenile steelhead go through a process simlar to
snmolting including silvering and ATP-ase | evel changes (K Currens,

OosU, pers. comm., 1989). Although norphol ogi cal neasurenents have
not been nmade to determine if the resident and nonresident fish go
through simlar body form changes while these physiol ogi cal changes
are occurring, it Is likely that they do respond simlarly. Such
body changes associated with the snolting process will confound and
alter any existing norphol ogi cal differences between resident and
nonresi dent fish.

Fin clipping

Fin nutilation as a nethod of marking has a long history in the
Col unbia River (Rich 1927). Fins, other than adipose fins, can
regenerate (Mears 1976), in sone cases at rates as high as 46 to 53
ercent in 3 nonths (Coombs et al. 1990). Increased nortality in
i n-clipped fish has been reported as well (N cola and Cordone
1973 ; Mears and Hatch 1976). The nunber of marks possible is
relatively low unless nore than two fins are renoved. However,
renoving two or nore fins wll substantially increase the
probability that survival, ablllty of fish to avoid predators and
magratory ability are negatively affected. A so, when nore than two
fins are renoved the decrease In fitness will not be equal across
all marked groups resulting in biased experinental results. This
technique is best applied in limted cases where a small nunber of
rel ease groups are needed and no ot her mark/tagging nethod is
readily avail abl e. Fin-clippin% may prove useful when used in
concert with other marking techni ques that provide additional
information on release group. Fin-clipping's greatest strength is
that it is a benignly recoverable mark that allows inmmedi ate
identification of marked individuals.

SUMVARY RECOMVENDATI ONS

¢ Any experinental study relying cwlrecoverﬁ of adult PIT tags
shoul d be reevaluated in |I%ht of the tag sheddi ng problem and
hi atus in devel opnent of adult nonitoring technology. Until the
temporal trends in tag shedding are understood by species, adult
return data fromfish tagged as juveniles will be suspect. If adult
monitoring technology is developed it will |ikely be based on newy
devel oped | ower frequency interrogation equipnent naking currently
used 400 KHz based equi pnment obsol ete.

¢+ Research into benignly recoverable tags should continue. This
woul d include V.I. tags in their various forns, body-area cwTs, and
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adi pose-fin injected cwrs. Applicability of bodE/-ar ea CWTs to
identify juveniles should be investigated in order to determne if
itis possible to accurately identi ]y 15 or nore rel ease groups
using a hand held CM detector and if tagging nultiple body areas
has significant effects on behavior, survival and growh of fish.

¢ Elemental and fluorochronme marking studies should be continued to
devel op a nethod of applying marks to rel ease groups that are
beni Pnl y recoverable. In addition, planning should begin on
developing a cross generation elenental nmark that allows otoliths
of the progeny of mature adult fermales to be marked prior to
spawni ng. Such a mark woul d all ow the reproductive success of
femal es of known genetic background to be neasured w thout applying
a genetic mark.
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Appendi x 6.

Definitions of Parameters in Conceptual Mdel for Taggi ng

TAGC,

TAGCAP,

TREC,

TOTC,

Eval uati on Model - YKFP

The nunber of tagged fish released from a
treatnent/control group 1.

The estimated sanpling or recovery rate at a
particular monitoring facility, in this case the first
(i=1) nonitoring facility. Facilities will recover
fish at different rates.

The survival rate fromrelease to the ;th nonitoring
facility for the ,th release group
8;; equal s (nunber of recovered ; smolts/R;)/N,.

Taggi ng costs for tag type . Equals [N, x (cost per
tag type k)]. This wll include associated costs for
t aggi ng equi pnent, trailer rental, tenporary
personnel , etc.

Capi t al costs for tag type X, adj ust ed

(capitalized/amortized/expensed/discounted into future
2).

Tag recovery costs for tag type k.This includes any

speci al handl i ng, anal yti cal costs, st orage
requirements, etc.

Total costs for tagging N, juveniles and recovering
tags fromjuveniles and adults adults from one brood
rel ease

TOTC, = TAGC, + TAGCAP, + TREC,.
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Appendi x 6.

(cont.)

CONCEPTUAL MODEL FOR TAGGING AND RECOVERY EVALUATION - YKFP

Naches Spawn-

Upper Yakima

ing Grounds Spawning Grounds
Recovery_ rate Recovery rate
R‘Io R‘H
T N
Cowiche Dam Roza Dam

Sampling rate
RI

Sampling rate

|

-

No. of smoits from No. of smoits from
group i tagged group i tagged
N, N,
s1l sil

Cowiche Dam Roza Dam
Sampling rate Sampling rate
R, R,
Naches Svstem Upper Yakima
Sz Sa

L

Naches System
s7l

Upper Yakima

Sa

Prosser Dam
Sampling rate R,

Sy

Prosser Dam
Sampling Rate R,
Sy

™

Scoop or screw trap

Sampling rate R, Sampling rate R,

S4 Sa
Yakima River System |
N Main Stem Columbia River
McNary Dam
Sampling rate Rg

Ocean Environment
Queeansurvivahl O, ,,saddmaturityyreates, M,
as fish mature at age k, k= 1, 2,..., 6
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REPORT NO 3
EVALUATI ON OF JUVENI LE AND ADULT MONI TORI NG

Eval uati on of Mobile Downstream M grant Trapping Gear in the
Lower Yakima River
by Dave Seil er

Adult Trapping, Lower Yakima R ver, Fall
by Dave Seil er

Downstream M grant Trapping in 1991 at
by Dave Seil er

1990.

Rosa Dam
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EVALUATI ON OF MOBI LE DOMNNSTREAM M GRANT TRAPPI NG GEAR
IN THE LOAER YAKI MA Rl VER

| NTRODUCTI ON

A major effort is underway to restore and enhance anadronous fish
runs in the Yakima River basin. Such strategies as juvenile and
adul t passage inprovenent, flow control, habitat enhancenent, and
| arge scal e supplenentation with hatchery out-plants are planned
and are being inplenented. The suppl enentation programis a ngjor
experiment that, on the basis of nonitoring and evaluation, will be
altered as needed to achi eve programgoals. A critical conponent of
this effort is the ability to neasure production of out-m grant
juveniles and returning adults. To rovide part of this
accountability, the Yakima Indian Nation (YIN) currently operates
a nunber of nonitoring stations throughout the basin (Fig.18).
Wil e these stations are | ocated bel ow the maj or spawni ng and
rearing areas of spring chinook and steel head, nost of the fal
chi nook spawning is believed to occur downstream of Prosser Dam
where the | ower-nost juvenile enuneration facility is |ocated.

Establ i shing downstream m grant nonitoring capability near the
nmouth of the Yakima River is needed, not only to assess fall

chi nook production from natural spawners, but also to assess
survival of other mgrants to the |ower river. Mgration estimtes
made at the downstream mgrant trap at Prosser indicate that
juvenil e sal moni ds experience significant instream nortality within
the Yakima River. High predation rates, facilitated by extrene |ow
flows at several points in the system is the forenost hypothesis.

Better quantification of this loss is required before renedi al

action is taken on this problem |nproving instream survival of
mgrants is critical to restoring the Yakima River's sal non and
steelhead runs. In Spring 1989 and 1990, we assessed the
feasibility of utilizing nobrile downstream m grant trapping gear to
capture juvenile salmonid em grants fromthe | ower Yakim River
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1989 TRAPPI NG AND GEAR OPERATI ON

We installed and operated a floating inclined plane screen trap,
comonly referred to as a scoop trap (Fig.19). W have enpl oyed
this gear extensively in many river systens over the last ten
years, primarily to nmeasure coho snolt production (Seiler et. al
1981 and 1984). In order for this trap to capture downstream
mgrants, water velocity through the trap nust exceed the mgrant's
swnmming speed. As swinming speed is a function of fish |ength,

i nadequate velocity results in capture bias; the smaller and/or
weaker individuals are captured at higher rates than |arger and
stronger mgrants.

In April, we surveyed the |ower Yakima River for a suitable trap
site. Inportant criteria included sufficient water velocity,
access, and suitable structure for anchor cable attachnment. Because
the lower five mles of the Yakima River is inundated at times, we
surveyed upstream of this zone. W selected a trap site bel ow the
Van G esen Road bridge in Wst Richland (R M 7). This structure
provi ded good anchorage and streamvelocity here was as fast as any
other site in the lower river,

W transported the trap to the river and assenbled it on My 22.
The following day we conpleted outfitting the trap, floated it
downstream1/4 nile, and attached the anchor cables to the bridge.
The trap was positioned in the fastest water avail able, which was
at a point approximately 200 feet downstream of the bridge and 30
feet off the right bank. Here, velocities neasured 4 to 4.5 feet
pﬁr sacond, margi nal |y higher than at other |ocations across the
channel .

Trap operation began in the afternoon of May 23, and continued
t hroughout each night until June 15. In addition,* we operated the
trap around the clock (24 hours) on eight days (May 24 to 31), to
determne within-day mgration patterns.
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1989 RESULTS

Cver the trapping period, we captured 6,532 chinook smolts, the
vast majority of which were fall chinook. Initial catches were |ess
than 20 chi nook per day, but increased in early June to the peak of
1,329 on June 9. Chinook catches steadily declined fromthis date
through June 13, then increased over the last two days we fished
8Fi .20). During the last 6 hours of fishing, from mdnight until
600 hrs on June 15, we caught 140 chinook, a marked increase over
the previous night. To include this catch in Fig.20, we doubled it
to account for the other half of the night not fished (dusk to
m dnight). W cannot estinmate what portion of the mgration had
passed our trap by m d-June because we did not continue to fish
t hroughout the nonth. However, the trapping operation conducted by
the YIN at Prosser provides this fall chinook mgration timng
information. The YIN estimates that 62.5% of the total hatchery
fall chinook mgration had passed Prosser through June 14, and the
mgration was essentially over by the end of June (pers.comm D.
Fast, YIN). For estimation |I:>urpc_>ses, we will assunme that by June
15, 60% of the hatchery fall chinook mgration was past our trap

site.
1400
1200
1600 e
£
<
u% 500
5
8 o
£
D
r4
400
200
Month/Day
Fi g. 20. Chi nook snolts captured at the Yakima

Ri ver scoop trap, 1989.
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In addition, we captured 17 coho snolts, 18 steel head snmolts, and
nunerous other non-sal nonids.

Wat er tenperature generally increased throughout the trapping
period. In late-My, average daily stream tenperature ranged around
61°F, and by md-June, was over 70°F (Fig.21). Late afternoon and
eveni ng readings were highest, and early norning readi ngs were the
lowest WM t hi n each day. The highest reading, 73°F, occurred on
several occasions in md-June. Wile these higher tenperatures were
clearly stressful, observed nortality was |low. Over the season, 29
chinook died in the trap and 19 di ed during handling. Overall,

direct (observed) nortality is estimated at 0.73% (48/6,532).
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Fig.21. Average daily water tenperature at West
Richland (R M 7.0), Yakima River, 1989.

Each chi nook captured was sanpled for a m ssing adi pose fin.
Rel eases of ad-marked hatchery production first occurred on May 30,
at Wapato Canal. Ad-marked chinook were first captured in theSscoop
trap five days later on the evening of June 4. Fromthis date on,
we captured 6,040 chinook, 2,051 of which were ad-nmarked (34%. As
this mark rate is close to that estimated for the hatchery rel eases
(35% Table 35), it indicates that the chinook catch in June was
al nost entirely hatchery fi sh. Conversely, this high mark rate also
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I ndi cates natural production emgration between June 4 and June 15
was very | ow.

Table 35. Releases of fail chinook (Little White Salmon stock) in the Yakima River, 1989 (pers.comm., T.
Scribner, YIN).

Date Site Number Size Number Tag
(f/Ib) Tagged Code
5/30 Wapato Canal
Pen #1 120,174 72 102,148 51124
Pen #2 100,153 88 85,130 51123
Pen #3 119,794 75 101,825 51122
5/31 Prosser 200,204 157 200,204 51125
5/31 Prosser 176,453 141
5/31 Sunnyside Dam 100,038 154 100,038 51126
6/1 Sunnyside Dam 100,039 153 100,039 51126
6/2 Prosser 356,020 141
6/5 Prosser 355,033 133 e —
6/7 Horn Rapids 342,606 128 _—
Total 1,970,514 689,384

W neasured fork | engths on 756 chinook during the trapping period.
Size ranged from34 mmto 120 mm (Fig.22). As noted above, our
catch was primarily hatchery fall chinook, which ranged in |ength
from60 nmmto 97 nm as represented by ad-nmarked fish (Fig.22). In
conmparison, size of presumed w ld chinook (captured in May before
the hatchery rel eases) ranged from34 to 120 nm No attenpt was
made to separate chinook into age classes. Extensive sanpling by
the YIN has denonstrated that spring chinook, which typically
emgrate as %earlings, may range In size fromas |ow as around 70
mmin June, but generally average over 100 nm This length at age
data indicates that we captured very few spring chinook. Qur |ength
sanmpl e included only 10 individuals over 100 mm Cbnsequentlg, our
total catch of spring chinook was probably |ess than 100 fish. The
reasons for this are two-fold: 1) the spring chinook smolt
mgration was |argely over by |late-May; and 2) the trap efficiency
for the larger yearling mgrants, due to relatively [ow velocities
(4to 4.5 fps). Velocities in excess of 6 fps through the scoop
trap are required for unbiased capture of mgrants measuring 100 to
150 mm To reliably capture larger mgrants such as steel head
smolts, velocity nust exceed 7 or 8 fps.
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Fig.22. Fork |engths of ad-marked and unmarked
chinook snolts measured at the Yakina River scoop
trap, 1989.

The catches of very small chinook fry (34 to 45 mm are of
particular interest. This small size in late-Miy indicates
extremely late wild spawning timng (Decenber or January).

1989 Trap Efficiency

we had planned to estimate gear efficiency for fall chinook as soon
as catches increased enough to provi de an adequat e nunber for
mar ki ng and rel ease upstream fromthe trap. Unfortunately, a
critical component of this operation, our jet boat, was stolen on
the night of May 25. W recovered the boat the next day, but the
engi ne was damaged beyond i medi ate repair. Therefore, we conducted
the ef fi ci ency tests by rel easing marked groups fromthe river
banks rather than across m d-channel as we had pl anned.

W released a total of 500 fin-marked chinook fingerlings over two
nights (Table 36). Of these, We recaptured only 13 nmarks. It is
obvi ous, however, that a strong bias occurred relating tothe bank
fomwhi ch the marks were released. O the 100 | ower caudal "snips"
(partial fin Cl i ps) rel eased of f the right bank, 200 yards upstream
from the trap, We recaptured 11. Cearly, this group overestinates
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capture efficiency because the trap was positioned closer to this
bank. Conversely, we only recaptured 2 of the 400 fingerlings
marked and rel eased off the opposite bank, 1/4 mile upstream from
the gear, and believe this underestinmates gear efficiency. Had we
been able to distribute the nmarked fry across the entire stream
channel, trap efficiency would probably have been estinmated at
around 5% or |ess.

Table 36. Scoop Trap efficiency tests, Yakima River, 1989.

RELEASE RECAPTURE

Date  Mark Time Location ~ Number Number Date Time Percent
6/6 uc 2350 LB 42
6/7 uc 0320 LB 158

Total 200 2 6/7 0550 1.0
6/7 LC 2355 RB 68
6/8 LC 0220 RB 32

Total 100 11 6/8 0307 11.0
6/8 uc 0250 LB 200

TOTAL 500 13 2.6

Anot her nmethod of approximating trap efficiency is to conpute the
proportion of the river screened. The scoop trap entrance is SiXx
feet wide and six feet deep. At the trap site, the river is
aﬁproxlnately 180 feet wide and, during the period we trapped, |ess
than six feet deep. As we fished from the surface to the bottom,
theratio of trap width to river width (3.3% would beareasonabl e
estimate of trap efficiency if several conditions were met:

1. Chinook were distributed evenly or randomy across the
channel ;

2. Chinook did not avoid or escape fromthetrap; and

3. The gear was fished continuously.

Al t hough an exhaustive anaIYsis of the degree to which these
assumptions were met i S not possi bl e, based on our experience, we
can predict the direction of the bias resulting from failure to
meet each Of these assunptions. Chinook fry probably do not
distribute evenly or randomy across the entire stream channel. W
positioned the trap where we expected mgrants to be nore
concentrated, in the main flow rather than in slower water near
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the banks. If chinook were nore concentrated where the trap was
fished, as we believe the% were, then we captured a higher
proportion of magrants than the width ratio would predict. However
the failure to conpletely fulfill assunption nunber two offsets
this to some degree. W did observe sone chinook escaping fromthe
trap entrance and fromthe live box. This was observed when heavy
debris | oads occluded the inclined screen, reducing velocity
through the trap. Al though the |ast assunption was not net either
(because we did not fish continuously duryn%wdayllght_hours),
extrapol ati ng catches nmade during periods fished to periods not
fished could easily correct for this. This would be a mninor
adj ustment, however, as relatively few chinook were captured during
daylight hours. An average of only 7% of the total catch was taken
during daylight hours of the seven days fished 24 hours per day.
Cbnsiderln? the opposing, though not necessarily equal, biases
resulting fromfailure to fulfill conditions #1 and #2, we believe
that an average efficiency of around 3% is reasonable. It is
interesting to note that when the results of all three mark groups
are pooled, trap efficiency is estimated at 2.6% (13/500).

1989 Instream Mortalitv

Even a rough estinmate of trap efficiency enables us to evaluate the
nunber of hatchery produced chinook fingerlings |eaving the Yakima
River and thereby assess instream nortality. Beginning May 30 and
continuing through June 7, nearly 2 nmillion hatcherY¢produced fal
chinook fingerlings were released from various facilities upstream
from the scoop trap (Table 35). These releases included an
estimated 689,000 ad-marked chinook. At a trap efficiency of 3%,
and assum ng 60% of the mgration past our trap by June 15, we
shoul d have caught around 35,000 hatchery fall chinook if they all
survived to the lower river. Qur catch of around 6,000 hatchery
chinook indicates that the magjority of the fish did not survive.
Wi le we do not precisely know our trap efficiency, estimtes of
instream nortality are significant when conputed by even very | ow
trap efficiency estimates. Based on a range of trap efficiencies
froma high of 5%to a |ow of 1% (2 percentage points above and
bel ow our point estimate of 3%), instream nortality of hatchery-
produced fall chinook in the Yakima River in 1989 is estimted at
49-90% (Table 37). These estinmates assune that 60% of the mgration
was past the trap site by md-June.
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Table 37. Estimates of bream mortality of hatchery-produced fall chlnook fingerlings in the Yakima River,

1969.

Trap Estimated Number of Estimated
Efficiency Migrants Surviving Mortality
(%) To the Lower River * (%)

1 1,000,000 49
2 500,000 75
3 335,000 83
4 250,000 87
5 200,000 90

 Catch (6,000)/trap efficiency x 0.6

The 34% ad-mark incidence in our catch of hatchery fall chinook
i ndicates that survival to the lower river was simlar for al
rel eases. Chinook rel eased above Prosser (aP) were marked at a rate
of 90.6% (489,180/540,198) Whil e those rel eased bel ow Prosser (bp)
were marked at a rate of 14%(200,204/1,430,316). Wien the overal
releases are pooled, the mark rate is estimated at 35%
(689,384/1,970,514; Tabl e 35). The apparent equivalent survival to
the scoop trap of the aP and bP groups is significant, especially
in light of the low survival (15% to the Prosser trap of the apP
groups (pers.conm D. Fast, YIN. If the bp production had survived
to the lower river at higher rates than the apP rel eases, as we
woul d have expected, then the mark incidence in our catch woul d
have been | ower. Apﬁarently, nortality per river nile on the bp
groups was higher than that on the aP 'groups. |If the estimte of
nortality at Prosser of 85%is correct, then nortality on the bp
group nmust exceed 90% For exanple, if nortality on the aP group
averaged 50% between Prosser and the scoop trap, then the bP groups
al so suffered an average nortality of 92.5% (1 - 0.5 x 0.15). At
this survival rate, only about 150,000 hatchery chinook survived to
the_scoog trap. Wth this survival and assum ng 60% m gration
during the period we trapped, trap efficiency is estinmated at
around 6. 7% (6,000/150,000 X 0.6). As this rate is sonmewhat higher
than our other estimates, either nortality was not this high, or
trap efficiency is higher than we thought. If the nortality
estinmate at Prosser Is correct, then scoop trap efficiency was
hi gher than 3% Regardless of the exact rates, however, it is
apparent that instream nortality on hatchery fall chinook in the
Yakima River in 1989 was very high.

Wiile the low mgration of wild fall chinook past our trap may be
attributed in part to |ow escapenent and poor survival to
energence, We believe that high instream nortality on fry is the
maj or cause. This contention is based on the apparent | oss of
natural fall chinook mgrants between the Prosser trap and our
trap. At a trap efficiency O 3%, our catch of around 500 wild
chinook indicates [ess than 20,000 m grants passed the scoop trap
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by m d-June. If this estimte represents about 60% of the
mgration, then the total mgration past the scoop trap is around
30,000. By md-June at the Prosser trap, over 85% (40,576) of the
season total estimate of 47,598 wild fall chinook had outm grated
(pers.comm D. Fast, YIN). Even if there was no production bel ow
Prosser, and assum ng both of these estimtes are reasonably
accurate, these two migration estimates indicate nortality was near
fifty percent between the two points of measurenent. However, as
the majority of the fall chinook spamnin? occurs bel ow Prosser
instream nortality on the outmgrating offspring is nmuch higher
than 50% W estinate total natural mgration of fall chinook past
the trap site at between 20,000 and 80,000 fry. These estimates are
based on the follow ng assunptions; trap efficiency ranged from 1%
to 5%, around 60% of the wild chinook mgration passed the scoop
trap during the period we trapped, and around 500 of our total
catch of 6,532 chinook fry were wld.

1989 CONCLUSI ONS

1. Performance of the scoop trap was adequate for nonitoring fal
chi nook producti on.

2. Because of low velocities in the |lower Yakima R ver, velocity-
dependent gear is not effective for capturing |arger mgrants
such as spring chinook and steel head snolts.

3. Instream nnrtality_of_hatchery-produced fall chinook was high
W estimate nortality in the range of 49 to 90%

4. The nunber of naturally produced fall chinook outm grants
surV|V|ng to pass our trap was relatively low. W estinmate
bet ween 20,000 and 80,00 wild chinook survived to the | ower

river.

1989 RECOMVENDATI ONS

1. Better estimates of fall chinook production and survival.could
be achieved with the scoop trap by commencing trapping earlier
in the spring, continuing trapping throughout the mgration,
and nore rigorously evaluating trap efficiency.

2. \\ recommend, however, that different gear, not dependent on
high velocity, be deployed. If this can be acconplished, then
for a simlar expenditure of manpower, in addition to neasurin
fall chinook production and survival, instream nortality o
spring chinook and steel head can al so be assessed.
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1990 TRAPPI NG GEAR AND CPERATI ON

Fol lowing our recommendations, we decided to test a nobile trap,

t hat was not dependent on high velocities to capture a portion of
all downstream migrants emgrating fromthe |ower Yakinma. Recently,

a floating "screw" trap was developed in Oegon that functions in
| ower velocities. This gear traps fish using an auger that
literally "screws" mgrants into a |live box (Fig.23). Two, four ft
wi de tapered flights, wapped 360 degrees around a nine foot |on

shaft, formthe basic trap. These flights are housed inside a nes

covered cone shaped franme. The shaft is aligned with the flow and
is lowered to the water's surface via davits and w nches nmounted on
two steel pontoons. This gear fishes half of an eight foot circle,

a cross sectional area of 25 square feet.

Water current acting on the flights causes the trap to rotate.
Wth every 180 degrees of rotation, a flight enters the water while
the other emerges. As the |eading edge of a flight emerges fromthe
water it prevents the escape of any trapped mgrants. The fish are
gently augured into a solid sided and baffled Iive box. A small

rumscreen |ocated at the rear of the live box renoves organic
debris, the nenesis of all fish traps and other screening devices.
qu mai n shaft drives the drumvia belts and a 90 degree gear
reducer.

We built a screw trap prior to the 1990 season for installation at
t he West Richland site, where we had operated the scoop trap in
1989. V¢ transported the trap to the river and assenbled it on
April 23. On April 24, we began fishing and technicians fromthe
National Marine Fisheries Service (NVFS) outfitted the trap with
two PIT tag detectors. One detector was battery (DC) powered, while
the other ran off a portable generator (AC). W passed all captured
sal nonids through this dual PIT tag detection system which
automatically recorded the information in the conputers.

To assess capture efficiency, we released nine groups of marked
fall chinook uEstrean1of the trap between May 21 and June 6. Snolts
captured in the trap were marked with either an upper or |ower
partial caudal fin-clip, taken upstream various distances (fromzi/2
mle to 4.8 mles), and released. In addition to these groups, 499
branded and PI T tagged fall chinook were rel eased at Prosser on My
22. Over the season, 20,000 PIT tagged snolts (sockeye, steel head
and spring and fall chinook? were released into the Yakima River at
various points upstream of Wst R chland. This report does not
i nclude an analysis of the recoveries of these tags in the screw
trap because NVFS is currently performng this task
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Fig.23. Floating screw trap in operation
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1990 RESULTS

Trap operation

Di scharge was higher duri ng. t he 1990 trappi ng peri od than in the
previous ‘year (Fig.24). This produced stream velocities at West
Richland averagli ng around 6 fps, significantly higher than in 1989
when maxi num water velocity was only 4.5 fps. At 6 fps the screw
turned at around 12 rpm er the season, rotation speed ranged
froma |low of around 8 rpm to a high of 14.5. This variation
resulted not only from discharge but also from the lateral
pl acenent of the trap in the channel.
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Fig. 24. Discharge of the Yakima River at Kiona,
Spring 1989 and 1990.

The self cleaning drumin the Iive box, enabled nearly continuous
operation. On two occasions during the season, however, (April 30
and May 29) the alum numflights broke. Each time, we renoved the
screw assenbly fromthe trap and repaired the damage. \Wen the
flights broke a third time, late in the season on June 10, we
termnated the operation. As constructed, these flights were
clearly not strong enough to sustain continuous operation in 6 fps
water.  The shallow pitch on the flights contributed to this
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problem The flights nade 60 degrees of rotation in the first three
feet of shaft length, 120 in the next three feet, and 180 in the
last three feet. Wth this pitch the trap turned approximtely two
rﬂn1for each fps of velocity. This would be a good configuration in
the water velocities observed in 1989 (around 4 fps or less). In
the higher velocities encountered in the [ower Yakinma River in
1990, however, the load placed on the flights was excessive.

Except for breaking the weak flights and resultant down tinme, we
operated this gear nost of the trapping period with no other
problems. In total, the gear operated 79%of the tine during the
trapping period, April 24 through June 10 (Table 38%..The drumin
the live box renoved all the small organic debris enabling
conti nuous operation and, as a result, wvirtually no trap
mai nt enance was required. On several occasions, however, Iar?e
woody debris jammed in the trap and.stoned the screw. The only
routine demands on the two man crew invol ved processing the catch

each nmorning and eveni ng.

Table 38. Summary of screw trap operation on the Yakima River, from April 24 at 1900 hourst 0 June 10
at 2000 hours.

APRIL MAY - JUNE TOTAL
Total hours 149 744 236 1,129
Hoursfished , 73 611 203 667
% of time fished 49 82 86 79
# of nights 7 31 9 47
# of nights fished 8 30 8 4
# days 6 31 10 47
# days fished 0 20 9 29

ownst

Unli ke the velocity dependent scoop trap, the screw trap captured
a portion of all juvenile salnonids mgrating fromthe | ower Yakina
River including large snmolts such as steel head in excess of 300mm

(Table 39).

210




Table 39. Species captured In the Yakima River screw trap, 1990.

Salmonids Non-saimonids
Species Number Species Number
Coho 1,078 Largemouth Bass |
Steelhead 684 Smalimouth Bass 92
hatchery 181 Bluegill 2
wild 483 Carp 4
Sockeye 10 Brown Bullhead Catfish 15
Fall Chinook 18.889 Channel Catfish 10
Spring Chinook 778 Chiselmouth 59
Mountain whitefish 203 Longnose Dace 16
Lamprey |
Mosquitofish 2
Peamouth 2
Sandroller 2
Sucker 54
Sunfish ’ 31
Tadpole 127

Fal | chinook were the nost abundant m grant captured over the
trapping period (Table 39). The total catch of 18,889 is a mx of
wild and hatchery smolts. Catches of wild fall chinook were |ow
during late April through md Muy. Follow ng YI N USFWS rel eases of
hatchery fall chinook in nmid-My (Table 40), wild fall chinook were
i ndi stinguishable fromthe unmarked hatchery fish. Ad-narked fal

chi nook conposed 7.4% of the catch (1,388/18,889). On the basis of
their larger size, we identified 778 chinook as yearlings,

presumably w ld spring chinook
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Table 40. Releases of fall chinook (Little White Saimon. stock) In the Yakima River, 1990 (pers.comm. T.

Scribner. YIN).
Date Shie Number Size #CWT Taa Code
5-18-90 Wapato Canal
Pen #1 79,830 105 72,271 5-1-1-2-10
Pen #1 79,860 105 0
Pen #2 80,103 102 79,141 5- -1-2-9
Pen #2 79,900 102 0
Pen #3 80,135 102 79,173 5-1-1-2-8
Pen #3 79,906 102 0
5-15-90 * Parker 79,892 180 79,413 5- -1-2-11
5-15-90 Parker 20,088 180 0
5-17-80 Parker 100,000 221 0
5-14-90 Prosser ® 38,151 206 39,113 5-]-1-2-7
5-14-90 Prosser 42,589 206 42,546 5-21-20
5-14-90 Prosser 271,124 178 0
5-14-90 Prosser 88,480 209 0
5-16-90 Prosser 440,000 108 0
5-18-90 Benton City 438,000 221 0
TOTAL 1,998,058 390,657

* The transport truck broke down for 2.0 hours; tank temperature climbed from 48 to 55 degrees F. Fish
were very stressed at release.
® Below Prosser Dam

Virtually all of the 1,078 coho smolts caught were hatchery
produced. Sixty nine of the coho smolts were ad-narked, an
I nci dence of 6.4%

The catch of 664 steel head smolts included 181 hatchery snolts (180
were ad-marked) and 483 wild fish. Fork length of 29 wild steel head
sel ected at random averaged 203.6 nmm and ranged from 149 to 295 mm
wth a standard deviation of 43.2 mm One steel head snolt had an
external nunbered wre tag.

Various non-sal nonids were also caught (Table 392). On occasi on,
predation in the live box, primarily by small nouth bass (94 caught)
was evident. The 31 sunfish we captured alsoprobably preyed upon
fall chinook snolts in the trap to sone extent. It is interesting
tonote that not one squawfish was captured.
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on renoval fromthe trap, fish were in excellent condition and
observed nortality was very |low. Over the season, nortalities on
sal monids total ed only 1 coho smolt, 2 spring chinook snolts and 56
fall chinook. The |argest single incident of nortality occurred
when a log jammed in the rotati ng screw and sone chinook were
i mpi nged on the screen. Qher nortalities appeared to result
| argely from damage by predators and the thrashing about of |arge
{)ish such as suckers, whitefish, bass, catfish and carp in the live
OX.

Estimation of Fall ~ Chinook Prod-

In late-April and during the first half of May, catches of wld
fall chinook were so low that we had to wait until the hatchery
fish arrived in md-My to begin testing trap efficiency (Fig.25).

In total, we released 3,095 fin-marked snolts in nine %roups and
recaptured 170 for an average recapture rate of 5.3% (Table 41).

This ratio underestimates trap efficiency, however, because release
groups 3 and 6 were flawed. O the other seven presunmed unbiased
test groups, efficiency ranged from3.2 to 11.6% and averaged 7.3%
(154/2,109) (Table 41). One group of PIT-tagged fall chinook
rel eased at Prosser was captured at a rate of 4.2% (Table 42).

Wiile this rate is wthin the range we neasured, It Is an
underestimate of trap efficienc t%y what ever rmrtalltlg/ occurred
between Prosser and West Richland. Travel time between Prosser and
Vst Richland is estimated at around five days by this group.
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Fig.25. Projected fall chinook smolt catch at the
Yakima River screw trap, April 24 to June 10,
1990.
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Table 41. Screw trap efficiency tests with fall chinook, Yakima River, 1990

RELEASE RECOVERY
Test# Date Mark Time Location Number Number Date Time Percent
. 5/21 "UC 2045 . 113 9 5/21 2400
5/2 yc 0005 b 317 14 5/22 0800
TOTAL 430 23 5.35
I, §/22 |C 2000 ¢ 187 4 5/23 2345
5/23 LC 0015 c 225 11 5/23 0900
3 5/23 2100
TOTAL 392 18 4.59
. 5/28 yc 1015 ¢ 480 ¢ 5 5§/26 0300 2.08
V. §5/26 LC 2030 b 250 53 5/26 2145
§5/26 LC 2120 b 250 4 5/27 0845
! 5/28 0930
TOTAL 500 58 11.80
V. 5/27 UC 1540 b 450 35 5/27 2115
! 5/28 0930
2 5/28 2200
TOTAL 450 36 8.44
VI §/30 LC 1435 b 506 1ne 5/30 2115 2.17
VI 6/5 UC 0845 b 62 2 6/5 2030 3.22
vil.  6/6 LC 1725 b 175 11 6/6 2015 8.28
IX. 6/6 uc 1715 b 100 4 6/7 2000 4.00
GRAND TOTAL 3095 170 5.30

3/4 mile upstream from trap.

1/2 mile upstream from trap.

Twin Rivers Bridge, 4.8 miles upstream from trap.

Low DO levels from tank over-crowding caused extreme stress.

A log was removed from the trap at 2000 hrs. Some fish may have escaped.

L a o0 o9
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Table 42. Recovery of branded fall chinook *, Yakima River screw trap, 1990.

Date T M # of brands
05-27 1530 11
05-27 2115 5
05-28 0930 1
05-28 2200 2
TOTAL 19

. At 0930 hrs May 22, 499 branded and pit tagged fall chinook
were released at Prosser. Twenty-one PIT tags were detected,
indicating that we missed 2 brands.

In 1989, we used migration timng estinmates generated at the
Prosser snolt trap to approximate the proportion of the fall

chinook mgration past West Richland during the period we trapped.

This information estimted that 60% of the migration had passed our
trap by June 15. In 1990, however, estimates nmade at Prosser
i ndi cated that by June 10, the date we st o%oed trappi ng, only 30%
(89,208/293,084) of the total nigration had passed that point.

Assum ng this estimate is also correct for the mgration past West
Richland, we estimate that approximately one mllion fall chinook
emgrated fromthe | ower river.

This estinate was generated using the follow ng procedures:

1. Catch per hour rates were conputed for day and night periods
fished (Table 43 and 44). Ve applied the appropriate_ catch
rates to the 242 hours not fished during the trapping period to
estimate the nunber of fall chinook we would have caught had we
fished during these periods (Tablé 45). Adding this expected
catch (3,990) to the actual catch, we would have caught 22,6 879
Sall (1:8| nook had we fished continuously from April 24 through
une .

2. % applied the average estimated trap efficiency of 7.3%to
this projected catch to calculate around 300,000 fall chi nook
passed the trap site before we stopped fishing on June 10.

3. Assum ng 30% of the total migration past Wst Richland occurred

by June 10,then we estimate total fall chinook production at
around one mllion fish.
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Table 43. Comparison of day and night catches of fail and spting chinook smoits In the Yakima screw trap, May 1 to May 15, 1999.

Night Da
Date/Interval Hour Fall Spring Fall Spring
catch Catch/ | Catch catch/ | Catch catch/ | Catch Catch/
Hour Hour Hour Hour
May 1 @ 1945 hrs - 0715 hm May 2 115 4 0.35 8 0.70
May 2 @ 0900 hrs - 2000 hrs 11.0 6 0.73 4 0.38
May 2 @ 2000 hrs - 0800 hrs May 3 120 7 0.58 7 0.56
May 3 @ 0800 hrs - 2000 hrs 12.0 6 0.50 1 0.63
May 3 @ 2000 hrs - 0830 ‘hrs May 4 12.5 10 0.80 2 0.16
May 4 @ 0830 hrs - 1930 hrs 11.0 5 0.45 4 0.38
May 4 @ 1945 hrs - 0830 hrs May 5 12.75 16 1.41 16 1.25
May 5 @ 0845 hrs - 2000 hrs 11.25 7 0.62 2 0.16
May 5 @ 2015 hrs - 0800 hrs May 6 11.75 o o
May 6 @ 0800 hrs - 1200 hrs 12.0 2 0.16 1 0.63
May 6 @ 2000 hrs - 0800 hrs May 7 12.0 2 0.17 3 0.25
May 7 @ 1815 hrs - 0800°hrs May 8 13.75 21 1.53 28 1.89
May 8 @ 1700 brs - 1830 hrs 15 5 3.3 7 4.67
May 8 @ 2100 hrs - 0700 hrs May 9 10.00 | 0.10 14 1.4 ’
May 9 @ 1915 hrs - 0730 hrs May 10 1225 3 0.24 7 0.57
May 10 @ 0830 hrs - 1930 hrs 11.0 5 0.45 | 0.09
May 10 @ 1930 hm - 0715 hm May 11 11.75 2 0.17 28 2.21
Mayll @ 2000 hrs - 0800 hrs May 12 12.0 4 0.33 39 3.25
May 12 @ 2000 hrs - 0700 hrs May 13 11.0 3 0.27 24 2.18
May 13 @ 0800 hrs - 1930 hrs 115 0 7 0.61
May 13 @ 2000 hrs - 0730 hm May 14 115 9 0.76 31 2.70
May 14 @ 0800 hrs - 2030 hrs 12,5 3 0.24 10 0.80
May 14 @ 2030 hrs - 0730 hrs May 15 11.0 9 0.82 18 1.64
Mav 15 @ 0730 hm - 2015 hrs 12.75 8 8 0.47
TOTAL Night 154 93 0.5039 | 221 1.4351
Day 95 49 0.5156 | 43 0.4526

. Two bass were In the live box and may have eaten the catch.

216



Table 44. Comparison of day and night catches of Fall and Spring chinook smolts in the Yakima River Screw Trap, May 15 to June 5, 1990

Night Day
Date/Interval Hour Fall Spring Fall Spring
catch Catch/ | Catch Catch/| Catch Catch/ | Catch Catch/
Hwr Hour Hour Hour
May 15 @ 2015 - 0630 May 16 12.25 26 2.29 16 131
May 16 @ 0900 - 2100 12.0 12 1.00 0
May 16 @ 2100 - 0745 May 17 10.45 64 6.12 23 2.20
May 17 @ 0745 - 2030 12.75 28 2.20 6 0.47
May 17 @ 2030 - 0900 May 18 12.5 140 11.26 33 2.64
May 18 @ 0900 - 2000 11.0 29 2.64 4 0.36
May 18 @ 2000 - 0830 May 19 12.5 257 20.56 35 2.60
May 19 @ 0830 - 2000 115 193 16.78 0
May 19 @ 2000 - 0700 May 20 11.0 1,863 169.36 | 52 473
May 20 @ 0700 - 1945 12.75 77 6.04 2 0.16
May 20 @ 1945 - 0930 May 21 13.75 1,214 88.29 36 2.62
May21 @ 0930 - 2015 10.75 116 10.79 2 0.19
May 21 @ 2015 - 0800 May 22 11.75 809 68.85 27 2.30
May 22 @ 0800 - 1930 115 171 14.67 7 0.61
May 22 @ 1830 - 0900 May23 13.5 942 69.76 24 1.78
May 23 @ 1415 - 2100 6.75 296 43.85 10 1.46
May 23 @ 2,100 - 0945 May 24 12.75 583 45.73 35 2.75
May 26 @ 0830 - 2145 13.25 1,040 7a.49 14 1.06
May 26 @ 2145 - 0845 May 27 11.0 as2 80.18 a 0.73
May 27 @ 0645 - 2115 125 a69 69.52 20 1.60
May 27 @ 2115 - 0930 May 28 12.25 1,023 63.51 13 1.06
May 29 @ 1730 - 2145 4.25 566 133.16 6 141
May 29 @ 2145 - 0730 May 30 9.75 434 4451 7 0.72
May 30 @ 0730 - 2115 13.75 961 69.89 7 0.51
May31l @ 0830 - 2100 12.5 546 43.84 6 0.48
May 31 @ 2100 - 0600 June 1 11.0 151 13.73 0
June 1 @ 0800 - 2030 12.5 620 49.60 1 0.08
June 1 @ 2030 - 0900 June 2 12.5 211 16.66 1 0.08
June 2 @ 0900 - 2030 11.17 167 16.74 2 0.18
June 2 @ 2030 - 0200 June 3 55 34 6.16 1 0.18
June 3 @ 0200 - 2030 19.5 357 18.31 9 0.46
June 3 @ 2030 - 0630 June 4 12.0 129 10.75 0
June 4 @ 0630 - 2030 12.0 177 14.75 1 0.08
June 4 @ 2030 - 0630 June 5 12.0 62 5.17 1 0.08
June 5 @ 0830 - 2030 12.0 112 9.33 0
TOTAL Night 197 6,826 44.86 312 1.56
Day 211 6.359 30.08 97 0.46
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Table 45. Estimated catch of spring and fall chinook during hours not fished, Yakima River screw trap, April 24 to June 10, 1990.

Night Da
Hours
Datefinterval Not | Fall Spring ___Fall Spring
Fished Est. catch/| Est. catch/ | Est. catch/ | Est. catch
Catch How Catch Hour catch Hour Catch Hour

April 24 - April 30 night 3.75 2.25 0.60 540 1.44
April 24 - April 30 day 72.08 37.48 0.62 32.44 0.45
May1 - 15 night 3.25 1.95 0.60 4.68 1.44
May 1 - 15 day - 76.0 39.52 0.52 34.20 0.45
May 16 @ 0830 - 0900 0.5 0.50 1.60 0
May 23 @ 0900 - 1415 5.25 230.21 43.65 1.77 1.46
May 24 @ 0945 - 1740 792 347.29 43.85 11.72 1.48
May 24 @ 1810 - 2045 2.58 118.04 45.75 7.10 2.75
May 25 @ 0800 - 1730 9 .5 745.66 78.49 10.07 1.06
May 28 @ 2200 - 0730 May 29 9.5 793.35 8351 10.07 1.66
May 29 @ 0730 - 1730 10.0 1,331.80 133.18 14.10 1.41
May31 @ 0015 - 0830 8.25 113.27 13.73 0
June 2 @ 1300 - 1326 0.33 . 5.52 16.74 0.33 1.00
June 8 @ 2100 - 0830 June 9 115 80.50 7.00 0
June 9 @ 0830 - 1800 9.5 66.50 7.00 0.95 0.10
June 9 @ 1800 - 0500 June 10 11.0 77.w 7.00 0
TOTAL Night 43.83 1,186 25.28 27 0.49

Day 197.08 2,804 14.46 112 0.63
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. Abasic problemin estinmating wild fall chinook
roduction in the Yakima R ver is the |arge rel ease of unmarked
atchery fish. Before the hatchery fish appeared (My 16), catches

of presuned wild chinook were low. This early portion of the

mgration, °~ however, cannot be usedto project the entire run
because it is too small a conponent of the total production and,
more inportantly, because hatchery fish have been planted every
¥ear, the mgration timng for wild chinook is not known.
herefore, our estimate of about one mllion fall chinook mgrating
past West Richland is for hatchery and wild fish conbined

Assuming that the nortality estimated on hatchery fish released
above Prosser is correct and, further, that fish rel eased bel ow
Prosser experienced simlar nortality, then the total number of
hatchery fish surviving to the lower river can be approxi mated.

Survival above Prosser s estimated at 43%(293,000/680,000) and
if it is 50%to West Richland, then 'around 147,000 of these fish
survived to the lower river. If nortality was around 50% on the
1,318,000 fish rel eased bel ow Prosser, then around 660,000 of these
survived to the lower river. If these estinates are approximately
correct, then around 800,000 hatchery fish survived to West
Richland. Further, if our estimate of around a mllion fall chinook
mgrating fromthe |ower river is aEproxinater correct, then, b

subtraction, it appears wld chinook accounted for around 200, 00

m grants.

Al t hough we do not place a |ot of confidence in this estinmate
because it is based on so nany unsubstanti ated assunptions, it
appears to be about what' could be ex?ected given the |evel of
natural spawning. In 1989, 636 adultfall chinook were passed over
Prosser Dam This conponent of the run is believed to conpose about
athird of the total. If this is. true, then the total escapement
was around 1,900 fish. If half were fenmales and fecundity averaged
around 4, 500 eg%s, then total deposition was around' 4.3 mllion
eggs. Further, at anaverage survival to enmergence of 10% and then
to emgration fromthe systemof 502, around 200,000 wi | d chi nook
fingerlings would be produced.

Trap Efficiencv on Yearling Chinook Smolts

The 1990 traBping effort focused on fall chinook and as a
consequence, %?an after the peak nlgrat|on of yearling chinook
occurred. W did capture an estimated 778 yearling chinook. This
nunber has to be qualified as an estinmate because there is sone
overlap in size between small spring chinook and large fall
chingok. We used the following size criteria to separate these two
st ocks:
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4-25 to 5-14 fish 60mm or less were considered falls
5-15 to 5-19 fish 80 mm or less were considered falls
5-29 to 6-10 fish 100 mm or | ess were considered falls

W estimate that, had we fished continuously during the period
trapped, we woul d have caught an additional 139 smolts (Table 45).
Rel ating the projected catch of 917 to the 32,882 smolts the YIN
estimated past Prosser after April 19 indicates our trap efficiency
on these migrants averaged around 2.8% April 19 was sel ected
because PI T tag recoveries at McNary Dam i ndicated that migration
out of the system occurred within a week. The accuracy of this
estimate relies on the estimate at Prosser and the assunption that
no nortality occurred between Prosser and West Richland. If |ess
t han 33, 000 yearllngés. passed our trap, then gear efficiency was
higher than 2.8% Effici encK varies as afunction of discharge and
position of the trap in the channel. The general decline in catches
near the end of the period trapped, however, seens to indicate that
the daily catch generally reflects abundance (Fig. 26).

Aot | May P June
Fig.26.  Projected spring chinook snolt catch at
the Yakima R ver screw trap, April 4 to June 10,

1990.
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1990 CONCLUSI ONS

1.

The screw trap performed well., capturing a portio
speci es/ ages of juvenile salnmonids emgrating fr t
Yaki ma River.

Capture efficiency for fall chinook was estimated at around 2%

Around 700,000 - 800,000 hatchery chinook survived to emgrate
past West Ri chl and.

W1 d chinook production was estimated ataround 200, 000 to
300,000 m grants.

Capture efficiency on larger mgrants (sBri ng chi nook,
steel head and coho snolts) was not estimated but basedon the
mean size of these migrants captured, it appears that this gear
is not size selective.

1990 RECOMMENDATIONS

1.

Stronger flights set at a steeper pitch would alleviate the
only problem encountered with this gear in 1990.

Better estimates Of fall chinook production coul d be obt ained
by fulfilling these recomrendati ons:

a. Qperating the trap throughout the em gration.

b. Estimating effidisncy throughout the season with rel eases of
marks and, thereby developing a relationship between flow
and efficiency.

c. Mrking all hatchery reieases to enable estimation of wld
chi nook production and al so survival of hatchery fish from
the lower river.

Estimate the capture efficiency for other mgrants via rel ease
of mark groups to enable estimation of instream | 0Ss.

Measure the fork length of a sufficient sanple of the yearling

mgrants captured in this gear to enable conparison with sizes
measured at Prosser. Test for size selection by the screw trap.
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ADULT TRAPPING LOWER vakima Rl VER, FALL 1990

| NTRODUCTI ON

Estimation of the nunbers of fall chinook spawners in the Yakima
R ver has never been acconplished, prinmarily because of poor
visibility. A though the adults passing Prosser Dam are counted,
nmost of the run is believed to spawn downstream of this point.
Therefore, YKFP planners have identified the devel opnent of adult
escapenment estimation techniques for fall chinook returns to the
Yakima River as a priority pre-facility need. During Fall 1990, we
conducted a very snall scale field test of one unit of nobile
tenporary adult trapping gear in the |ower Yakima River.

TRAPPI NG GEAR

Commonly called hoop traps, this gear was devel oped and used tO
capture adult chinook salmon in thé Sacranento River (Hallock €ft.
al .. 1957). W routinely use this gear to capture coho in the | ower
mal nst ens of large river systens for adult tag?l ng studies. Ten
foot dianmeter hoops (1 inch steel pipe) are spaced three feet apart
to form a 20 foot long cylinder conprise the basid shape of this
trap. The outside is covered with 2 x 2 inch mesh and two
concentric nmesh cones pointing upstream funnel fish into the upper
end of the trap. To deploy this gear, it is rolled down the bank
with the open end downstream and-placed in a deep (at |east eight
feet) run along a bank. To fish the gear, it is sinply rolled up
t he ‘bank via cables and a wineh until it is partially dewatered.
Doors on the side of the cod end provide access for renoving the
catch with a dip net.

Gear efficiency is a function of channel configuration (depth,
wi dth), discharge, and turbidity. A single unit of gear in a large
river is very inefficient so a nunber” of units are required to
capture a sufficient portion of a run. For exanple, in the Chehalis
River, where we have fished this gear in each of the last five
years, we enpl oy seven hoop traps and catch 2-3% of the coho run
(500-1,000 fish).

FI ELD TRI AL

W placed one hoop trap into the lower Yakinma River at river mle
2.0 off the right bank on Cctober 1 at 2000 hours. This trap fished
continuously until it was renoved fromthe river at 0730 hours on
October 8. W checked the trap and renoved the captured fish each
morni ng and evening. Over these seven days we captured only seven
sal monids: 2 jack chinook, 2 nale steelhead (1 wld, 1 hatchery),
1 adult nale coho and 2 jack coho.
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Very little activity was 3bserved that woul d i ndicate any sal non
were passing this point during these seven days so we were not
surprised that so few fish were caught. Based on the nunbers and
timng of chinook passing Prosser, however, it appsars that sone
fall chi nook may have been sntering the | ower riverduring the
first week of Cctober.

The first fall chinook generally arrive at Prosser in |ate-August
and early-Septenber, so entryinto the lower river probably occurs
at least a wssk ortwo earlier. Hgh water tenperatures are a
concern, particularly early.in the run, but also extending through
Septenber. For this reason, it may not be practical to capture,
handle and tag fish in the |ower Yakima River. \Water tenperatures
during this first week of Cctober ranged froms8° to 63°F.

The basic design of an adult enuneration effort would invol ve
capturing enough fish in the lower river over the entire run so
that a portion of the run could be tagged. Fi sh passing Prosser
Dam coul d then be sanpled for tags and an estimate of tota

spawners nmade. High water tenperatures aside, another potentia

problemw th trapping so low inthe river is the likely catch and
ta?ging of strays that fail to mgrate upstream This has the sane
effect as losing tags and results in biasing estimates high. This
ProbleﬂlCOU|d be avoi ded or greatly reduced by trapping fish
urther upstream

Consi deration of trapping adults, on a trial basis, for enuneration
purposes nmay best be acconplished at the fishways at Horn Rapids
Dam This would al so solve other | ogi stical problens associated
with placing hoop traps in the lower river; linmted access,
navi gation blockage, vandalism etc.
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DOMSTREAM MIGRANT TRAPPI NG IN 1991 AT ROSA DAM

YKFP eval uation ﬁ!ans i ncl ude conparing performance of hatchery
produced spring chinook to that of wild spring chinook. These plans
require capturing wild chinook smolts in sufficient nunbers in the
upper Yakima River and in the Naches River. The capability to
capture the requisite numbers doss not currently exist upstream of
the confluence of these rivers. In addition, it is uncertain how
many mnld_spr|Q% chinook smolts remal n upstream of this confluence
unti |l Spring. thout this know edge, trapping facility designs and
field efforts required to fulfill objectives prescribed in the
experinental design plans are difficult or inpossible to devel op..

In cooperation with the YIN, we began to work on answering these
questions in Spring 1991, installing a floating downstream m grant

trap bel ow Rosa Dam Concurrently, the YIN continuously operated a
t;gp gn_tqe(fbsa Dam smolt bypass. Objectives of this conbined
effort include:

1. Estimating the nunmber of spring chinook snolts remnaining
upstreamof this point after md March

2. Determning the capture efficiency of the nobile gear and the
snmolt bypass trap on spring chinook, hatchery steel head and

hat chery sockeye snolts;

3. Determning mgration timng for the various species past this
poi nt ;

4, Asaessing feasibility and resultant costs of these operations;
an

5. Providing emgration information on hatchery steel head rel eased
as part of the interaction work underway In the upper Yakinma

Ri ver.

On March 19, we installed a floating screw trap bel ow Rosa Dam

This is the sane trap used in the |lower Yakima River in 1990 (For
a description of this gear see 1990 TRAPPI NG GEAR AND OPERATI ON
section of this report). W replaced the screw assenbly of this
trap with one that had stronger flights and a steeper "pitch to
avold the problenms encountered in 1990 of breaking the flights.

Assenbly was easily acconglished In one day with the assistance of
a Bureau of Reclamation 25 ton crane.
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W placed the trap approximately:100 yards downstream of the dam
about 10 yards off the left bank. W began fishing on the evening
of March "19 and sumﬂedfor the season on May 29. The gear was
fished continuously throughout this period, requiring virtually no
attention fromthée two man crew other fhan to renove and process
the catch each norning and evening. This fishing schedule pernts
separating 24 hour catches into day and ni ght components

Over the season, we captured the:following nunbers of sal nonids:

sPrinﬂ chi nook 1, 040
steel head - 497-
sockeye 706
coho 18

,,,,, 5

To estimate capture efficiency of both traPpln%]systenB, sever al
groups of branded wild spring chinook snolts, hatchery steelhead
snmolts and hatchery coho snbltsS ware released. .In addition, various
roups Of branded sockeye smolts ware rel eased in the upper Yakima

ver around Ge Elum™ Initial indications are that efficiency of
the screw trap was around 2-3%. These data will require nore
anal ysis to assess speci esspeeifi a ratesand the influence of
di scharge on efficiency. However, if capture eff|C|enc6 i s around
this rate, then the pre-season projeet da of over 100,000 spring
chlno?k spnlts remai ning above Rosa Dam appears to be an
overestimate.
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